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CHAPTER I 
INTRODUCrriON 
1. Introduction 
The grade placement of scientific principles has been 
undertaken by the Boston University School of Education, 
Science Department, as a project to be carried on through the 
succeeding years under the direction of Dr . John G. Read . 
The experiment will be concluded when enough pupils and 
schools have been included in the study to make the conclu-
·sions statistically significant . As more data are accumu-
lated, the extent to which the study will have to be 
I 
carried should become apparent. When a sufficient number 
of principles has been tested a complete overall report can 
be written giving the conclusions. That is , there will be 
a "percentage of learning" index for each principle for 
each modal mental age level . From this index it should be 
possible to ascertain that if a certain principle is taught 
to a certain modal mental age level then a certain percent -
age of the pupils can be exp ected to learn the principle. 
This year both the background for the study and the 
design of the experiment ar•e being done under the guidance 
of Dr . Read and Mr . Herbert Oxendine . Also, the first 
group will start the experiment with each experimenter 
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taking one principle. The teaching method will be a lee ture -
demonstration. The amount of learning will be measured by 
identical tests given before and after the lecture - demonstra -
tion . Data to be gathered will consist of the test scores , 
the pupil's I.Q,., M.A ., C. A., sex, previous science instruc-
tion and science background . The results to be found by 
each individual participating in this study will be for only 
one or two grades in several schools. This will give an in-
dication of the next grade that should be tested depending 
upon the -"percentage of le arning11 for that modal mental age 
level . 
As t he study proceeds investigation into these prin-
cip~ s will be continued and others started until there is 
an index of the "percentage of learners 11 for each modal 
mental age level for each principle. Bach experimenter 
starting a new principle will leave his material for many 
teachers - in- service to use when he is finished . This will 
include t he demonstration, a copy of t he script, a tape 
recordin g of one of the actual lee ture - demonstrations and 
the test . The same material will be used throughout the 
study for the same principle . The sample of schools will be 
chosen each year so that compl~te coverage may be made of 
each socio-economic level for grades 3- 12. 
It is assumed for this study that there will exist a 
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difference in the percentage of learners at different mental 
age levels . It is also assumed that the time spent in a 
good demonstration with a carefully prepared talk would pro -
duce a small increment of learning. 
The committee whose responsibility it was to compile the 
data included in the literature as background for this study 
consisted of the following members under the chairmanshi p of 
Norman G. Mills : 
Isabel L. Bouin 
John T. Callahan 
James Creighton 
Wallace J . Gleekman 
Eugene H. Goldrick 
George F . Griffin 
Robert H. Jackman 
Bleanor Kancevitch 
John G. Minot 
Henning A. Sahlberg 
Vincent J . Silluzio 
Schuyler G. Slater 
Virginia M. Wilson 
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2. Justification 
Very little scientific evidence is available on the 
grade placement of science principles . Because of the 
great increase of scientific knowledge, educators emphasize 
the need for research that will determine the age levels at 
which science concepts , principles and skills may be intro-
duced into the curriculum with optimum effectiveness . 
Beck]/ states that because scientif·ic knowledge is 
accumulating at such a rapid rate, there is neither time 
nor excuse for teaching the elementary scientific concepts 
in the higher grades . He points out that the scientific 
bac kground and foundation prerequisite to an understanding 
of the individual science courses offered in the high 
schools are lacking in the beginning students. To find a 
solution to this problem, he suggests that r esearch be 
started to determine, " • • • what fundamentals of science can 
we expect most children of similar ability and cultural 
background to master at each maturity level 11 .:?:/ 
From a Progress Report of the Committee on Research 
in E. lementary Science for the National Association for 
Research in Science Teachi ng , Venill.d/believes that with 
1/ Alfred D. Beck, 11 Some Unanswered Questions Pertaining 
to the Organization of a •rwelve Year Science Sequence", 
Science Education (April , 1948), 34:176-177 . 
:?:,./Ibid., p . 177 . 
3/ John Venill, " Needed Research Studies in the Junior 
High Schools" , Science Educat ion (April, 1948), 32 :175-185. 
the great expansion of scientific knowledge , concepts 
which previously have been r eserved fo r high school science 
courses will have to be taught in the junior high schools . 
He summarizes that, 11 • •• studies should be made on pupil 
readiness for more advanced science concepts . "..±/ 
In the Thirty- first Yearbook the National Society for 
the Study of Bducatio~/suggests that a twelve-year sequence 
of science be taught, based on the broad generalizations of 
science . As an outgrowth of this plan, many problems for 
research were recognized . Morrison1/places the selection 
and sequences of courses within the curriculum and the 
grade placement of topics at the top of a list of needed 
research in science teaching . 
However, research on the location of curricular 
material in science classes is complex. In order to make 
such studies objective and meaningful , educators, says 
Bellack, must take into consideration the basic findings 
from the fields of educational philosophy, sociology , 
child growth and development and psychology of learning .~/ 
1/ John Venill, ..2.2.!__ci.t., p. 17.5 . 
~/ Natidnal Society for the Study of Education, A Program · 
for Teaching Science , Thirty-first Yearbook , 1932, Part I, 
The University of Chicago Press, Chicago, Illinois . 
1/ Ibid . , p. 3.54. 
4/ Arno A. Bellack, "Sequence and Grade Placement" , Journal 
of bducational Research (April, 1948) , 41 :623 . 
The writer believes that the aim of education is to 
give some meaning, some security and purpose in life . 
Ideally, education should provide an understanding of the 
diversity and r ichness of the present - day world and take 
into account our uncertainty on ideas of life and the uni -
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verse . More specifically, science education seeks to teach 
effectively those principles and skills of science Which 
touch so largely upon everyday life . The aims of science 
teaching are contributory to the aims of education, mainly , 
as Bel lack says, "life enrichment. "1./ 
In our society gre at emphasis is placed on education. 
Laws compel schooling up to a certain ase, and all children 
are assured a free education . It is the school.t-s responsi -
bility both to society and to the children to present those 
activities which wil l prepare the individual student to 
participate intelligently in our democratic society . 
Bellack_g/further says , 11 In planning the sequence and 
placement of school experiences, then , consideration must 
be given at every stage to the demands of society in regard 
to both the important responsibilities of citizenship and 
]/ Arno A. Eellack , £F.• cit . , p . ~2 . 
~~Ibid . , p. 623 . 
the great variety of learnings and adjustments occasioned 
by circumstances peculiar to our culture . 11 
In part , grade pLacement of curricular material is a 
matter of providing experiences at each grade level which 
are suitable to the maturity level of the students and are 
designed to achieve the objectives of the program . 1/ 
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Kingsley defines maturation as " •• • the normal physical growth 
of the physiological functions. If these physiologi cal 
structures have not developed to the point where the child 
can carry on the activity essential for a particular kind 
of learning, it is quite obvious he will be unable to 
achieve success in this direction. 111/ 
J;n order to obtain the maximum efficiency in learning, 
maturation of the child must be considered carefully . 
Hilbreth1/points out that if a child is presented with a 
problem which is beyond his maturity level, he will reduce 
or simplify the problem to his own realm of understanding 
Which may lead to misconceptions and make learning more 
difficult when the proper maturation level is reached . 
l/ Ibid. , p . 625 
2/ Howard L. Kingsley , The Nature and Conditions of Learning, 
Prentice - Hall Inc ., New York , 1949, p. 49 . 
3/ Gertrude Hilbreth , 11 The Diff iculty Reduction .Tendency in 
Perception and Problem Solving11 , The Journal of Educational 
Psychology (April, 1941) , 32 :305- 313 . 
Vv ashburneY points out that if a child is presented with a 
problem above his maturity level ~ith the implication that 
he should succeed, it will give him a feeling of failure 
and undermine his security . 11 Instead we must guide him 
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into those learning situations t h at he can attack effective -
ly and with sufficient success to yield satisfaction, en-
couragement and growth . ·nY 
Many of the studies that have attempted to assign 
learning experiences to definite maturity levels have been 
concerned with motor - skill development in pre - school child-
ren . 3/ But a number of studies have been made to determine 
the role that maturation plays in the development of various 
concepts, among them that of Pistor~/ who conducted an ex-
periment t o determine how time concepts are acquired by 
children. Two grouiB of 320 children were used in the 
study. In grades four and five, traditional separate 
courses in geography and history were taught to one group 
while the second group was taught geography as a major 
1/ National Society for the Study of Education, Child 
Development and the Curriculum, Thirty- eighth Yearbook, 
1939 , Part I , University oi'-afiicago Press , Chicago , Illinois . 
~~ Ibid-, p. 3 . 
3/ Marian E. Breckenridge and Elee Vincent, Chi1d Develop-
ment, W. B. Saunders Company, Philadelphia , 1949 . 
4/ Frederick Pis tor, 11 How Time Concepts Are Acquired by 
Children" , Educational Method (Nov. 1940), 20:107 -112. 
course and history incidentally . In the sixth grade the 
first group was given instruction with special attention 
placed on time charts, time lines and other teaching aids . 
The other group had regular instruction with no special 
importance placed on time concepts . Through analysis of 
test results at the completion of the sixth grade , it was 
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found that the group with special instruction gained 
slightly, but not significantly, in time - conc,ept understand-
ing, over the group without special instruction. Pistor con-
cludes that " ••• evi dence points heavily in favor of matura -
• 
tion rather t h an training as the dominating factor in time -
concept development . u]/ 
Piage~/ attempted to ass i gn stages in the child ' s 
thought development to maturity levels . Through personal in-
terviews , questions were asked relating to the child's ideas 
of the causes of natural phenomena . The responses were then 
placed in categories developed by Piaget . For example , 
Piaget traced three steps in concept development relating 
to the origin of the sun and the moon . The first step was 
that of artificiality of that the sun and moon were made by 
some ht~an being. The second step was a belief that the sun 
1/ Frederick Pistor, op . cit., p. 111. 
2/ Jean Piaget, The Child ' s Conception of the vVorld, 
Harcourt, Brace & Company , Inc ., New York, 1929 . 
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and moon were developed by a combination of artificial and 
natural causes. The tb.ird stage in this development was the 
belief in a completely natural origin of the sun and the 
moon. The implication was that the child passed from one 
stage to another only when he had reached the proper rna tur -
ity level . Due partly to the complexity and the subjective 
nature of interpreting the responses of the children, Piaget's 
method has been criticized and his conclusions challenged. 
Deutsche!/ conducted a study at the University of 
Minnesota in another attempt to trace the development of 
concepts of causal relations in children. Identical demon-
strations and tests were given to children in grades three 
through eight . Three experts familiar with Piaget 1 s work 
attempted to classify the answers to the test items into 
Piaget's categories. There was little agreement among the 
jury as to where each response should be placed. It was 
found that there was a great deal of overlapping , that 
most kinds of answers were found over the entire age group 
and that the answers of children of a given age group could 
not be classified into a single type. Deutsche concluded 
that 11 Causal thinking apparently does not develop by stages 
1/ Jean Marquis De utsche, The Development of Children's 
Concepts of Causal Relations , The University of Minnesota 
Press, IV! inneapolis , 1937 . 
11 
but by a gradual process . 11 1 / She a l so found that the 
adequacy of the answers to the test questions increased with 
age, and the greatest increase noted was between the ages of 
11 and 12 years .~/ 
Hauptl/ sought to ga ther evidence to find out if young 
children were capable of the mental activities associated 
with the 11 large generalization11 type aim . His study was 
limited to grades one through slx . Haupt found that the 
ability to generalize prevailed at all grade levels, but 
that this ability was limited by the complexity of the con-
cepts studied. 
Croxton ' ~/ study also indicates that children in the 
higher primary , the intermediate and the junior high school 
are capable of generalizing. 
However , grade placement of curricular material is not 
entirely a matter of maturation . It is a matter of learni ng 
readiness which includes maturation , experiential levels , 
interest and attitudes, social pressures and training. But 
1/ Jean Deutsche , op. cit ., p . 93 . 
~~Ibid ., p . 29-42 . 
3/ George vv . Haupt, An I!.xperimental Application of a 
Philosophy of Science •reaching in an Blementary School, 
Teachers College, Columbia University Contributions to 
Education , No . 633 . Bureau of Publications Teachers 
College, Columbia University, New York , 1935 . 
J±/ Vrf. C. Croxton, "Pupils Ability to Generalize", School 
Science and Mathematics (Jan . 1936) , 36 :627 - 634 . 
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these factors are extremely diff icult to separate for study . 
In the human body every organ is an integrated part of the 
whoJe body. If one or gon is malf'unc tioning, it will affect 
the normal activity of the whole organism. Similarly, the 
child is a composite of many factors , each affecting the 
functioning of the other . 
All experiences, according to Dewey,l/ both take up 
something from those which have gone before and modify in 
some way the quality of those which come after . v~ est2/ 
says that it is use less to show that a given volume of warm 
air is lighter than the same volume of cold air before the 
concept that air is something that has weight and occupies 
space is understood . So while the pupil may be at the 
maturity level for understanding a certain concept, if the 
necessary background is lacking, he will not learn effect-
ive ly . Even if the maturity and experiental levels are 
adequate for learning, lack of interest or proper attitudes , 
inadequacy of teachin g method and materials may account for 
unprofitable learning. 
ljJohn Dewey , Experience and Education, The Macmillan 
Co., New York , 1938, p. 27 . 
2/ Joe Young West, 11 Do vVe Sxpect Too Much or Too Little 
of' Children from Their Lxperiences in Science?" Science 
Education (Oct . 1944), 33:298 . 
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This study is designed to establish a learning index of 
the various scientific principles . This learning index ~11 
indicate the approximate mental age level at which these 
principles can be taught effectively to children of similar 
a~ility and background. Because of the complexity of the 
learning process , absolute values as to where each principle 
should be incl~ded in the curriculmn is not expected , but 
the results may prove helpful to curriculum planners in 
determining the grade placement of these principles . The 
results of this study will be of importance to classroom 
teachers , textbook writers , standardized- test makers, and 
producers of visual- aids . It may , moreover , help bring 
about an orderly , systematic teaching of science , resulting 
in more and efficient learning. 
3. Design of' the Experiment 
A. Scope and Limitations 
The objective of t his study- is to establish a learning 
index for a number of scientific principles both in the 
elementary and secondary grades , the total study being made 
over a period of approxi mately ten years. An index of 
learning is to be assigned to each level at which the 
experiment is carried out . 
A beginning has been made here by twenty- eight students 
working with different principles . Subsequent investigators 
using identical t e chni ques with the same or other principles 
at diff erent age levels may, after having secured data on a 
large number of pupils, predict with some accuracy where a 
certain principle mi ght be t a ugh t with knowledge of its 
being understandable to the majority of pupils at that age 
level . 
The procedure to be described is es sentially the same 
in all the studies made by t hese twenty - eight investigators . 
However, s ince certain of t hese persons could not, of 
neces sity , meet all of the conditions here set down because 
of their own te aching dutie s, the procedure has had to be 
slightly varie d in such cases . Whenever any changes have 
been expedient , it will have been noted in subsequent 
chapters . 
15 
The population used in the study made by this first group 
of investigators is composed of' pupils from the third to the 
twelfth grades . They are a stratified sampling of the school 
population of several New England states. 
Each pupil's mental age is known throuE!,h the use of 
chronological age , as furnished either by the pupil himself 
or the teacher , and the I.Q. obtained from the results of 
the administration of the Otis Quick- Scoring intelligence 
test . This enabled the experimenter to establish the mental 
modal age for each grade division of pupils tested . 
The pupils whose test scores are included in the study 
all have mental ages within the limits of one year from the 
highest to the lowest . Once the modal mental age had been 
established, only the scores of those pupils with mental 
ages of plus or minus six months from the mode were selected 
to be included in the subsequent analysis . 
Each investigator has examined two class divisions in 
five schools . Of the total of ten groups included, five are 
samples of the same grade level and the other five are sam-
ples from a different grade level which are separated from 
the first t·ive samples by two years; that is, if a particul.ar 
investigator chose five tenth- grade divisions , he will also 
have chosen either five eighth- or five twelfth- grade 
divisions . 
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Two examinations have been given t o all pupils included 
in this study . The first will be known as the pre - test and 
the se~ond as the post - test. They were identical . The 
post- test was £:,iven \Jithin an hour after the administration 
o:f the pre - test . The time lspse between the two was occupied 
either by the presentation o:f a demonstration serving to 
illustrate the particular principle being tested , in the 
case of what is known as the experimental group , or by 
reading non- relevant material by the group to be known as 
the control . 
Strict discipline was maintained in each group. in 
order that the pupils might not communicate with one another 
or be distracted from the examination or the demonstration 
given . 
The demonstration was of large enough size , and was 
well lighted , so as to be seen by all the pupils in the 
class room easily . 
• 
B. Discussion o:f Procedure 
The first step involved the selection by each investi -
gator of a principle to be demonstrated and tested . Such 
accepted l ists as that compiled by Robertson!/ were consulted . 
1/ Martin L. Reb ertson, "Selection of Science Principles 
Suitable As Goals of Instruction in the .E.lementary School11 , 
Science bducation (April , 1935) , 19 :65- 70 . 
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A review of the literature established that the teach-
ing of principles is an effective method for teaching 
science . It was found that facts were retained better when 
pupils were taught by principles. Also, relationships in 
applied learning were perceived more easily . Further find -
ings on science teaching by principles are discussed in 
greater detail in a subsequent section. 
The second step consisted in devising one or more 
demonstrations which illustrated the chosen principle. The 
time allotted for this teaching material was in most cases 
approximately 15 minutes . These demonstrations were necess -
arily simple, large , and contained as nearly as possible 
the 11 purity of concept 11 which has been interpreted by 
Nichols±/ to mean that the demonstration illustrates one and 
only one principle . But if all other principJes could not 
be eliminated, they were j udged not to detract from the 
principle which the demonstration illustrated; they were 
judged not to lead to a misconception of the material taught . 
The demonstration material of each experimenter was 
decided upon and the apparatus set up after having been pre -
sented to and passed on by a board consisting of a small 
group of inves t:t ga tors who , in turn, held their demonstration 
1/ W. M. Nichols , New and Improved Demonstrations For Use 
Tn Teachin,-_ Scient_ific ?rinciples in Chemistry , Unpublished 
Master 's Thesis , Boston University School of Education , 
1950, p . 4. 
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material up to scrutiny by fellow board members . 
In a subsequent section of this thesis are discussed 
the criteria for a good demonstration . The eleven pertinent 
points are summar ized as follows : 
l. The demonstration should illustrate a basic principle . 
2 . The demonstration should illustrate one principle 
only. 
3 . The action of the demonstration should be clear l y 
visible to all. 
4. The apparatus should be on a large scale . 
5. The demonstration should work; it should be as 
infallible as possible . 
6 . The demonstration should be simple and the speed 
of action suitable . 
7 . The demonstration should be dynamic. 
8 . A slight drama t ic element is sometimes useful . 
9 . An element of the unexpected is sometimes effective . 
10. The apparatus should be of easily available and 
inexpensive material . 
11 . The apparatus u~ed in a biven demonstration should 
be stored away intact until it is to be used again. 
All members of the group have adhered rigidly to these 
criteria . 
It might be mentioned here that research, which will be 
19 
described in Chapter 2 , on the idea t hat demonstrations are 
effective brought to light the fact that the demonstration 
i s equal to or better than any other method of teaching 
science . Thus it is seen that if a particulHr scientific 
principle can be taught at a certain age ~ ve l, the demon-
s tration method i s as good a way known to aid i n the teaching 
of it . 
After having perfected the demonstration a third step 
in the proced1~e was followed . Each i nve stigator devised a 
test of the four - answer multiple choice ty~ to be adminis -
tered in not over 15 minutes time . This type consisted of 
approximately thirty items divided into three groups . The 
first ten items were based directly on the demonstr ation to 
be g iven . The second group consisted of items which i nvolved 
transference; tha t is, t hese items d id not test an understand-
i ng of the demonstration directly but tested the ab i lity to 
apply t he scientif'ic principle involved to other simp~ near -
by situations . The las t t en i tems were more difficult; 
they involved an application of the principle but were of 
such a nat~e that correct answers might be made by the pupils 
who ha d gotten t he most from the demonstration. 
All of the i tems wer e so worded that the pupil could be 
given this tes t before the demonstration had been seen and 
yet answer the questions if he understood the principle . 
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For example , a question might be begun with a phrase such as 
11 If a tight wire is plucked, •. • .- • 11 , etc . 
on 
In order to establish a suitable vocabulary for the items 
the test , Thorndike's!! Teacher ' s Word Book was used . 
This volume lists words used most often in standard English 
reading material . Words used in the items were compared with 
the list to suit either the elementary or the secondary 
grades . If the particular words were not mentioned, others 
had to be substituted. The final form of the test contained 
a vocabulary which was suitable to the level at which eaph 
investigator was working . A copy of the writer ' s test is 
included in the appendix . 
The test items were put in the interrogative form when-
ever practical with the answer to each consisting of one 
correct response and three distractors . 
When the test was completed , it was presented to the 
same board which had previously judged the quality of the 
demonstration material . The items were passed if, in the 
opinion of the board, they were valid . An answer sheet for 
the test was devised whereby an enclosed space was left 
at'ter the number ot' each item for the letter ot' choice . 
The fourth step in the procedure involved the adminis -
tration of the test to approximately one hundred pupils of 
the same grade level as the pupils for which it was finally 
1/ i!.dward L. Thorndike and Irvine:, Lorge , The Teacher 1 s Word 
Book of 30 , 000 'vvor ds , Bureau of Public a.tions, Teacher 1 s 
College , Colmnbia University, New York , 1944. 
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intended. The results were incorporated in an item analysis 
which is described in a later section of this thesis. Any 
items which were shown not to be serving especially well were 
left on this final form of the test but only those items 
which were functioning well were used in subsequent com-
pilations. 
As the fifth step , a script to accompany· the demonstra-
tion was written by each investigator using a suitable 
vocabulary selected from Thorndike ' s word list.1/ This was 
not to be read to the experimental group while the demon-
stration was shown but served as a guide for• the demonstra -
tion lecture, key points of the written procedure having 
been committed to memory by the experimenter . This mini -
mized the probability of the individual lectures varying 
widely from day to day. 
The investigator then presented his lecture and demon-
s tra tion to a few pupils inviting comments after the pre -
sentation. In this manner both the script and demonstration 
were refined . 
At this point in the procedure, the test and the demon-
stration were ready to be given . Each investigator had 
written to superintendents o~ schools, receiving permission 
to test pupils of two particular grades in each school. 
1/ Edward L . Thorndike and Irving Lorge , .££• cit . 
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Altogether f i ve schools were selected and the pupils of two 
grade divisions in each school were chosen as subjects for 
the experiment . In some cases, investigators chose the 
elementary grades and in others , the secondary . 
The sixth step involved the administration of the Otis 
Quick- Scoring intelligence test , by the investigator or the 
teacher of each particular division , during a period within 
two weeks of the demonstration. 
The largest part of the experimental work is contained 
in the seventh step . On a prearranged date at a prescribed 
hour all the students of one class were pre-tested at the 
same time; that is, the examination was presented to the 
pupils before the principle was demonstrated . They were 
first given a test booklet and an answer sheet marked 
Test 1 on which there was a place for the filling in o~ the 
following information : name , sex, date of birth, name of 
sc~ool and town, and the pr evious training each pupil had 
in science . With regard to some of these items, in the lower 
elementary grades the information noted had to be checked 
and, many times, supplied by the teacher. 
Each answer sheet contained a random number in the upper 
right hand corner and also a place for tne investigator to 
later fill in any information he desired such as socio- economic 
background, I . Q., etc . A sample answer sheet is shown in the 
2.) 
appendix. 
The time allotted for the pre - test was approximately 
fifteen minutes. At the end of this time the answer sheets 
were collected and half of the pupils in the class were sent 
to another room, after handing their test booklets to the 
demonstrator or the teacher in charge. 'J.lhe remaining half" 
kept their booklets and stayed in the room to see the demon-
stration. 
Half of the pupils were random.ly selected according to · 
a method used by Lindquist 1/ . A table in his book was con-
sulted aqd utilized. ~ro explain the use of the table, it is 
perhaps expedient to use a hypothetical class in a single 
run of the experiment. Since there are 36 pupils in this 
class and half are to be selected at random, 18 pupils must 
be chosen arbitrarily. The f i.rst step is to assign numbers 
from 00 to 35 to the 36 answer sheets. This may be done in 
any order . Then it is neces s ary to select a starting point 
on the table by referring to a column and row n~1ber. As 
Lindquist~/ states, 
11 This starting point should be determined before 
looking at any number in t he table . Once having se-
1 ec ted the s tart:i.ng point and direction, no peculari ty 
in the numbers read s hould be permitted to cause one 
to disregard the results and start anew at another 
point." 
1/ Bveret F.Lindquist, S tatistical Analysis in Educational 
Research, Houghton Mifflin Company, Boston, 1940, table 18, 
P • 262 
~~ Ibid . , p. 26 . 
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From the starting point and reading in the chosen direction , 
the first 18 unlike numbers below 36 are taken and the pupils 
previously assigned these numbers are then one of the halves 
of the class . 
After the class was divided , the answer sheets for the 
pre - test were collected and half the class was removed, as 
stated above. This half was designated as the control 
group . They spent the next 15 minutes reading silently some 
non- science material in another room . 
Up to this time, the demonstration apparatus, which 
had been ~eviously placed in the room where the pre - test 
had been given, was kept covered with a cloth. \idth only 
half the original group present, these demonstration mate.rials 
were uncovered and the investigator began his experiments 
with his accompanying remar.ks of explanation . 
When the demonstration, having lasted approximately 15 
minutes, was over, a post-test answer sheet marked Test 2 
was distributed to each pupil . This sheet was the same as 
that for the pre - test with the exception of the identifying 
test number . The original closed test booklet , which was 
to be used for the post- test, had been placed in the upper 
right hand corner of each pupil ' s desk . The group had pre -
viously been cautioned by the demonstrator not to open the 
booklets or talk among themselves while he was experimenting. 
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The post- test , being identical to the pre - tes t since the 
test booklet containe d only the one test, was then adminis-
tered to this exper i mental group . At the end of the allotted 
~ minutes , the booklets and both answer sheets were collected . 
Meanwhile in the room to wpich the other half of the 
class , the control ~oup , had moved, the same post- test was 
given as was administered to the experimental group by a 
teacher who also supplied the pupils with an answer sheet 
marked Test 2 and a test booklet . After about 15 minutes had 
elapsed, the papers and Qooklets were collected. 
In the cases where the investigator was working with 
elementary grade school pupils , the demonstration was given 
to the control group after they had taken the post- test be -
cause of the interest they ~~doubtedly had , because of ad-
ministrative reasons , and , more important , because the time 
element was not such an important factor as it was in the 
secondary school where the control group was not given the 
demonstrat i on . 
This same procedure was repeated with individual divi -
sions in each school until , as mentioned above, data on a 
total of ten divisions in five schools was collected. 
It has been found that a reliable method of measuring 
the amount of learning of some specific activity, is by 
means of t h e test-retest method . By using the test- retest 
method, the level of previous knowledge concerning the 
activity may be established. Using this information any 
gain in knowledge can be easily established. A detailed 
section on the test technique will be found in the next 
chapter. 
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The eighth step in the experimental procedure involved 
the compilation of statistics using the scores on both the 
pre - test and the post-test, the group modal mental age 
which had been computed from the I . Q. and the chronological 
age of each pupil. As was stated above only the scores of 
those pupils with mental ages of plus or minus six months 
from the mode were included in the statistical analysis. 
If a pupil of the experimental group showed a lack of under -
standing of the questions relating directly to the demonstra -
tion on his post- test, his scores were excluded from the 
analysis . A score which was less than 80 per cent correct 
on this part of the post-test was not used. The second 
chapter of this thesis contains a detailed explanation of 
how the scores were handled statistically. 
The ninth and fipal step of the procedure was the making 
of a tape recording using the previously refined script for 
the demonstration lecture . Wb en this had been done and the 
resulting recording found satisfactory, it was packaged along 
with the test booklets, sample answer sheets, and the 
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demonstration material . In this way, all necessary informa-
tion and equipment will be ready for future investigators 
using the same principles . 
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CHAPTER II 
SURVBY OF RELATED LITERATURE 
1 . Teaching by the Use of Principl es 
The teaching of science by princi ple rather than by 
extraneous collections of facts has been generally accepted 
by educators . The Thirty- first Yearbook of the National 
Society f or the Study of Education, says that life enrich-
ment , the aim of educati<;m, can best be achieved if the 
schools activities are 11 of the kind from which ideas may be 
developed and if the ideas may in turn be associated into 
principles and generalizations that are interwoven into 
human experience . Functional learning is conditioned upon 
attainment of some such integration. 11l/ 
Hoban says: "Education is- not simply the accretion of 
information . It involves the fundamental knowledge and the 
understanding of the basic principles of the universe , of 
which man is a part . 11_g/ 
The inductive method. --Here the l earner arrives at a 
general conclusion, e . g . certain laws of physical sciences, 
Society for the Study of ~ducation , A Program 
~~~~-=~~~S~c~i~e~n~c~e~, Thirty- first Yearbook , 1932 , Part 1 , 
University of Chicago Press, Chicago , Illinois. 
_g/ Charles F . Hoban, Focus on Learning, American Council 
on Education , Washington D. C., 1942 , p . 34. 
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by examining a number of individual cases . The weakness 
in this method is that there is a possibility of too general 
a conclusion, as the enumeration of particulars can never be 
totaled . For example after several enumerations of plants 
having flowers such as , the cactus has a flower; the buck-
wheat has a flower; the stringbean has a flower; we might 
conclude all plants have a flower. This is too general a 
conclusion as there are active fungi which do n~t possess 
flowers . Induction is thus essentially imperfect as a mode 
of reasoning , though invaluable as a means of fixing general 
principles and laws amid the succession of particularities 
given in experience . 1/ 
The deductive method.--The learner reasons from a 
principle to a particular . It is in this method that we 
shall be mainly interested, for we are basing our whole ex-
periment on the reasoning powers of the learners to go from 
the principle to a particular inference to the principles 
in their learning process . For example: If the learner 
understands the principle of friction he can deduce that 
heat is released and wear between the surfaces takes place 
when one body is rubbed over another . 
A large amount of our teaching attempts to pupils to see 
1/ R. J . Me Call, Basic Logic , Barnes & Noble Inc ~, 
New York , 1947. 
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the implication of the laws, principles and rules that they 
may have learned. As contrasted with induction, deduction 
is a much simpler and shorter process. It i~ an unusual sit -
uation when a bit of deductive teaching last s longer than a 
few minutes . 
Advantages of deductive educative teaching: 
1. Much more simple than the inductive method 
2 . Results in very desirable outcomes 
3. Introduces factors of organization 4. Makes meaningful the principles that have been 
mastered already 
5. Arouses puzzle or questioning instinct, a very 
valuable aid 
6 . Helps pupils to derive their princi ples from 
books or demonstrative techniques.!/ 
Jones ,~/ Leonelli, 3/ Marting/ and others have empha-
sized the value of teaching science by principle , and have 
listed hundreds of principles. 
However, there is some disagreement as to what consti-
tutes a principle . He inmann defines a principle as 11 a 
statement of· relationship between two or more facts . 115/ 
1/ C. E. Holley , The Teacher's Technique , The Century 
Company , New York , 192lt . ' 
~/Ruth V. Jones, A Study of the Principles of Science 
Found in Ninth- grade Textbooks of General Science, Unpub -
lished Master ' s Thesis , University of Michigan, 1946 . 
3/ Renato E. Leonelli , Principles of Physical and Biolog-
ical Science for Grade Ei . t, Unpublished Master ' s Thesis , 
Boston Univers ity, 19 7. 
!±/ W. Edgar Mar tin, 11 A Determination of the Principles of 
the Bi-ological Sciences of Importance for General Educa -
tion" , Science Education (March, 1945) , 29 :100-105; 
(April-May, 1945), 29:152- 163 . 
5/ Ailsie M. Heinmann , uA Study of General Science Text -
oooks11 , General Science Quarterly (November; 1928) , 13:11 . 
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Wilbur's definition as stated by Martin!/ is much more 
precise and makes a principle a very specific kind of gen-
eralization. His criteria state that a principle---- -
"Is stated positively and definitely 
Is true but with rare exceptions within the 
limitations set up by the statement 
Clearly states or implies a dynamic process 
or interaction 
Is demonstratable _experimentally 
Is clearly not a part of a larger principle 
which can be clearly stated 
Is not merely a definition or description 
Has wide application in the natural environ-
ment and is not ruled out by any of the 
preceding criteria . " 
Robertson 1 s definition of a principle was the result of 
many weeks of consid~ration by a seminar in science teaching 
under F . D. Curtis at the University of Michigan:~/ 
"a . To be a principle a statement must be a com-
prehensive generalization 
b . It must be true without exception within 
limitations specifically stated 
c . It must be a clear statement of a process 
or an interaction 
d. It must be capable of illustration so as to 
gain conviction 
e. It must not be a part of a larger principle 
f. It must not be a definition 
g. It must not deal with a spec ific substance" 
With this definition , Robertson sought to determine a 
comprehensive list of principles suitable as goals of instruc -
tion for elementary schools . He evaluated nine separate studies 
1/ William ~dgar Martin, "A Chronological Survey of Research 
Studies on Principles as Objectives of Instruction in 
Science" , Science Education (February, 1945) , 29:!~5 -52 . 
2/ Martin L. Robertson, "Selection of Science Principles 
Suitable as Goals of Instruction in the Elementary School", 
Science Education (February-April , 1935), 19 : 1- 4, 65- 70 •. _ 
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listing principles found in textbooks , arranged according to 
frequency and stress, by a jury of three science teachers 
and several subject matter s~ cialists . A list of the 243 
principles found was sent to fifteen elementary school 
science teachers and from their ratings 113 principles were 
chosen. These are the principles used in the present study . 
Some results. --There is considerable evidence that 
scientific principles can be taught effectively to students 
at the secondary level. Freud and Cheronis readministered a 
comprehensive test to students of a survey course in physical 
science one year after the course had been completed. They 
found that principles and the ability to apply such prin-
ciples vvere retained much better than were unrelated facts .1./ 
Babitz and Keyes paired eight classes in chemistry in 
two California Hi g,h Schools . Four of the classes, designated 
as the control groups , received standard instruction; the 
o'ther four des ignated as the e~perimental groups , had direct 
and intensive training on the application of principles. 
The tests administered at the end of the experiment required 
the solution of problems in chemistry and the identification 
of scientific principles related these two . All the exper -
imental groups showed superiority over the control groups in 
1/ Henrietta z. Freud, and Cheronis, N. D., "Retention in 
the Physical Science Survey Course", Chemical Education 
Journal (June, 1940), 18:288- 293 
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the same schools . The differences however were not statis-
tically significant . 1/ Kilgore paired 120 students in high 
school physics with respect to their previous experience in 
science courses studied and I.~. He found at the end of his 
study that students of both high and low ability were sig-
nificantly better in making applications of principles of 
physics when the instructor placed emphasis on such applica -
tion ._g/ 
The evidence from these studies seems to indicate that 
the learning of principles of science, and the ability to 
apply them , may be attainable objectives of the teaching of 
science at the secondary level provided such objectives are 
emphasized in instruction. 
2 . The Lecture - Demonstration Method of 
Teaching 
A. The Effec tiveness of Lecture -
Demonstrations 
The areas which will be treated in this section 
are · to define and describe the term lee ture-demons tration, 
and then to quote freely the written opinions of science 
1) Babitz and Keyes, "An Ex~eriment in Teachj_ng Pupils to 
Apply Scientific Principles', Science Education (December , 
1939), 23 :367- 370 . 
2/ V·· . A. Kilgore , 11 Identification of Ability of Apply 
Principles of Physics ", Teacher's College Contribution 
to bducation, No . 840 , Columbia University, New York, 
1941 , P• 34 •. 
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equcators with regard to the use of demonstrations in science 
teaching, describing the psychological and logical basis for 
the use of demonstrationsin teaching . Then , a review of the 
research in which the lecture - demonstration is compared with 
other methods of science teaching will be presented . 
Before discussing desirable qualities in a demonstration , 
Mack.!/ , i n describing and defining a demonstration , says in 
part : 
"Inherent in the concept of demonstrati on .i s the 
factor of movement of a material thing , not a 
static condition or display . A demonstration is 
an appeal through the senses of sight and of 
hearing , and less frequently through the other 
·senses . Results must foll ow the purpose : there 
must be conviction, compell i ng to an i nescapable 
conclusion . 11 
Regarding .lecture - demonstrations, Stui t and Englehar~/ 
express the i r definition by stating: 
" The term lecture- demonstration is used to describe 
a method of teaching in which the teacher carries 
out a demonstration for the entire group and lectures 
in parallel with it. The students observe the demon-
stration and ask any questions which they des i re about 
the demonstration or theory involved ." 
1/ Joseph A. Mack , "Desirable Qualities in Demonstration 
Apparatus" , School Science and Mathematics (January, 1950) , 
50 : 21 . 
~/ Dewey B. Stuit, and Max D. Englehart , "A Critical 
Summary of the Research on the Lecture-Demonstration 
Versus the Individual Laboratory Method of Teaching 
High School Chemistry" , Science bducation (October, 1932) , 
16 :380 . 
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Any discussion of the use of the demonstration in 
science teaching should be relat~d to certain principles of 
learning. Potthoffl/ has e~pressed awareness of such a 
relationship in the following writing: 
"The use of the concrete, particularly ·where it 
deals with the unfamiliar, can provide an ex~ri ­
mental basis f'or learning, whether that learning 
be remembering facts, · understanding processes , 
seeing relationships , or getting an idea of how 
motor skills are executed. Direct experience, 
esp:ecially if it is with the unfamiliar , may 
motivate the learner, attract his attention, 
stimulate his interest, and arouse his curiosity . 
Demonstrations can be helpful also in facilitating 
comprehension of the abstract, giving reality to 
the spoken word, and reinforcing it by providing 
impressions through several sense aven~es. In 
general, learning may be more meaningful, more 
accurate, more complete, and more permanent if 
it is based upon actual experience with that 
which is being studied. 11 
Additional emphasis on the importance of the real or 
direct experience in learning has been made by Richardson 
and Cahoon in Methods and Materials for Teaching General 
and Physical Science~/ . They stated that: 
"Probably the most usual use of the demonstration 
is for illustrating and explaining scientific 
principles and their applications . For most 
students seeing the real thing is much more 
helpful than reading about it or looking at a 
picture of it." 
1/ Edward F' . Potthoff, "The Use of Demonstrations in 
Science Teaching", Science Education (December, 1945), 
29:253 . 
2/ John S .· Richards on and G. P. Cahoon, Methods and 
Material~ for Teaching General and Ph;L·sical Scie·nc~, 
McGraw H~ll Book Company, New York, 1951, p . 17 . 
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Whether the demonstration precedes or follows activi -
ties such as discussion , reading, films , and laboratory 
work , it may not automatically provide an undei'standing ; 
but it furnishes a real experience upon which the teacher 
may build , along with other well - chosen procedures and 
activities . 
Demonstrations can be used for providing pupil exper-
iences in thinking. Cahoon 1 s1/ views on this topic are, in 
part, these: 
11 The demonstrations , laboratory experiments,· 
directed studies, pupil projects ; motion 
pictures , textbook statements , and pupil -
teacher discussions are teeming with possibil -
ities for pupil experience in thinking·. It is 
largely a matter of utilizing these appropr~ately 
as one goes about teaching science facts and 
principles to pupils . 
Like any other te aching aid or pupil activity , 
a particular exercise or experience in think-
ing may or may not be appropriate to use with 
a particular class at a given time-. 
A certain demonstration for one clas s may be 
given to help obtain a particular f~ct of 
science , at another time as an experience in 
accurate observation, at another to utilize 
:rr evious knowledge by predicting iwha t will 
happen ', at another as an awplication of a 
recently studied principle . 1 
However, it must be added here , that 11 A demonstration 
performed by a teacher who points out what is happening and 
indicates the conclusion which should be drawn or how it 
illustrates a particular principle may furnish little experience 
M G. P . Cahoon, 11 Using Demonstrations for Providing Pupil 
Experiences in Thinking" , Science Educat.ion (Oct., 1946), 30:196 . 
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in thinking.".!/ However , "thinking" comes when the principle 
is applied. 
Before pre senting a revi ew of the research in which 
the lecture - demonstration is compared with other methods 
of science teachinG, the evolution of the popularity of the 
demonstration method should be mentioned. Web~/ states 
that it developed in this manner : 
"The growth of the demonstration method as a 
substitute for the individual experiment was 
accelerated by the depression, during which 
time funds for operating the schools were much 
reduced . It was argued that if the course in 
science be given by demonstrations , only one 
set of apparatus need be procured; whereas if 
it were given by student individual or group 
experiments a considerable number of duplicate 
sets must be purchased . " 
Cunningham's summary of "Lecture Demonstrations Versus 
Individual Laboratory Method in Science Teaching113./ covers 
a twenty- five year period. The field of research includes 
eight een Master ' s Theses, six Doctorate Studies , and other 
studies . All of the reports were published in such p,ro-
fessional periodicals as : Journal of Ed1.lcational Psychology, 
School Science and Mathematics , School Review , Journal of 
Educational Research , and Pennsylvania School Journal . From 
I ' 
the results reported by the experimenters , Cunningham~/ 
1/ Johns. Richardson and G. P. Cahoon, op. cit . , p. 67 . 
2/ Charles S . ~/ebb, 11 The Teaching of Advanced Science 
Using the Demonstration Method", School Science and 
Mathematics (January, 1938), 38:23 . 
3/ Harry A. Cunningham, "Lecture Demonstrations Versus 
Individual Laboratory Method in Science Teaching - A 
Summary", Science Education (March, 1946), 30:70-82 . 
J±/ Ibid. , p • 7 6 • 
states that : 
"Twenty- eight studies gave specific attention to 
the general outcome - i mmediate recall or immed-
iate results . Tv1enty gave results favoring the 
demonstration method ; six favored the i ndividual 
laboratory method ; and two said that there was 
no difference ffietween the two methods?. 
Of the twenty- four studies that gave specific 
attention to delayed results, then favored the 
demonstration method , eleven the individual 
laboratory method, and three reported no differ • 
ence . 
The interest stimulated in the pupils by the 
two methods was studied in seven of the enter -
prises . The majority of the pupils in three 
LQf the enterprises7 favored the demonstration 
method ; and in four /Of the enterprises7 favored 
the individual laboratory method . -
All of the studies - fifteen - that gave atten-
tion to the time required by each of the two 
methods reported a saving of time under the 
demonstration method . The time saved varied 
from one - fifth to one - half . " 
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Later in the summary , Cunningham!/ tells of the treat-
ment of scienti fic thinking in these studies by these 
comments : 
"Seventeen studies gave attention to one or more 
of the elements of scientific thinking but no one 
undertaking made even a slight beginning in the 
study of this problem in all of its many aspects . 
The elements of the thinking process that were 
studied in some of the undertakings were as 
follows : amount retained in thought work ; making 
proper conclusions to an experiment ; application 
of principles learned; ability to think in terms 
of science subject ; ability to follow the steps 
in scientific procedure; per cent of thought 
questions answered correctly; method of attack 
on new problems ; scientific attitude ; ability to 
1/ Op . cit., p . 76 
observe; learning a scientific principle; greater 
carry- over ability; ability to distinguish between 
fact and superstition; and ability to generalize. 
Of the seventeen studies that gave attention to 
some phases of this big and very important problem, 
twelve favored the demonstration method; four the 
individual laboratory method ; and one came to the 
conclusion that the pupil could learn to think 
about equally well by either Lffiethod7 . 11 
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This comprehensive statement is part of the concluding 
remarks made by Cunn~nghaml(: 
"Our decision , as to what to do in practice , is 
made easier when we real ize that all of our 
laboratory teaching need not - should not be done 
by one method . It is possible that we may be 
ignoring a whole continuous series of possibil -
ities between these two extremes . In many cases 
it may be found best to use both methods in teach-
ing a given idea in science . 11 
The studies presented in the summary of Cunningham 
were ranked according to the criteria presented in an 
article by Stuit and Englehar~/ by Keiser3/ as to their 
superior or inferior value . It is well to note here that 
Keiser used only the first six of the seven criteria to 
determine the value of these studies . The seven criteria , 
as established by Stuit and Englehart, are as follows : 
(1) specification of experimental factors ; (2) control of 
1./ Ibid • , p • 7 9 
~/ Op . cit . , pp . 380-391 . 
3/ Louis B. Keiser, The Present Status of the Lecture -
Demonstration Versus the Individual Laboratory Method 
of Teaching Science in the High ' School, Unpublished 
Master's Thesis , City College of New York , 1933 . 
pupil factors; (3) control of teacher factors; (4) control 
of general school factors ; (5) duration of experiment; 
(6) measurement of ach ievement; and (7) interpretati on of 
experimental data . 
For comparative purposes the writer has used the 
studies of Anibell/, Knox2/, and Wiley3/ in this discussion 
because each study is partly concerned with the demonstra -
tion method ~ersus the laboratory method of teaching high 
school chemistry . The problem of the research as stated by 
each author and the significant conclusions , in part , will 
be related. 
The study of Fred G. Anibel~/ , ranked superior, is as 
fol l ows : 
Problem : To determine scientifically through 
objective data how the results of teaching 
high- school chemistry by lecture - demonstration 
method compared with the individual laboratory 
method . 
Conclusions, in part : 
1 . The immediate ret~ntion is as adequate 
when material is presented by the lecture- demon-
stration method as when the class is taught by 
y Fred G. Anibel, "Comparative Effectiveness of Lecture -
Demonstration and Individual - Laboratory Method" , Journal 
of' Educational Research (May , 1926) , 13:355- 365 . 
2/ w. vV . Knox , "The Demonstration Method Versus the 
Laboratory Method of Teaching High School Chemistry", 
School Review (May , 1947) , 35:376- 386 . 
3/ William H. Wiley , "An Experimental Study of Methods 
in Teaching High School Chemistry" , Journal of Educa -
tional Psycholo~y (April , 1918), 9:ltnl~l98 . 
gj Loc . cit . 
the regular individual laboratory procedure . 
Indications are that the lecture - demonstration 
procedure would result in better i nnnediate re -
tention . 
2 . The delayed retention is so little 
diff erent that one method may be considered as 
good as the other . There was a slight indica-
tion that the material was better remembered 
when taught by the individual laboratory pro -
cedure . 
3. The bri~ter students are likely to 
profit more · by the lecture - demonstration method 
than are the oth~rs . ' 
The study by W. W. Kno~1/, W1ich was ranked superior , 
is. as follows : 
Problem: To establish the relative value of the 
demonstration and labor a tory methods of ·science 
ins true tion. 
Conclusions , in part: 
1 . The demonstration method is superior to 
the laboratory method in 'teaching mentally 
heterogenous groups of pupils for the purpose of 
immediate retention Lind relatively permanent 
retention7of subject matter in high school chem-
istry. .,... 
2. For the purpose of imparting to a group 
of pupils a scientific attitude and training in 
a method of attack on new problems , the demon-
stration method is equal, if not superior, to 
the laboratory method of instruction . 
3. From the standpoint of the coefficients 
of correlation, it appears . that the demonstra -
tion method provides su~erior opportunity for 
adaptation to individual di ffe rences in mental 
ability so far as teaching for immediate reten-
tion , delayed retention , ana method of attack 
are concerned. 4. So far as providing knowledge and method 
of attack are concerned, the laboratory method 
is slightly superior to the demonstration method 
in the case of the average inferior pupil. 
1/ Loc . cit . 
5. For the purpose or providing knowledge 
for both immediate retention and relatively 
permanent retention, and for the purpose of 
providing a technique for handling new problems, 
the demonstration method is much to be pre -
ferred to the laboratory method in the case or 
. the average superior pupil . 
Before stoting the problem and significant conclusions 
of a study ranked inrerior by Keiser!/ according to the 
rirst six of the seven criteria developed by Stuit and 
Englehart£/, it should be recognized that the study made by 
Wiley3/ was a pioneer enterprise, being published in 1918. 
Probably it has been ranked as of inferior value because 
of the following factors: no mention is made of any attempt 
to measure the mental abilities of the pupils~/; the tests 
to measure immediate and delayed retention were of doubtfUl 
validity; the method of scoring the tests was highly sub-
jective; and there was no mention made or statistical 
treatment of the data found . 
The study made by William H. Wiley2/ is as follows: 
Problem: To determine the best of the three 
methods of teaching chemistry, the textbook 
recitation method, the so - called lecture 
Ldemonstrati9n7 method, and the laboratory 
method . 
Conclusions , in part : 
1 . There is not as great a difference 
1/ Loc. cit . 
~/ Op. cit., pp. 380-391. 
'J/ Lo c • c i t . 
k/ Note the date of publication or the first group 
intelligence tests . 
5/ Loc. cit . 
as is ordinarily supposed in the value of the 
three methods , lecture /demonstration? , text -
book, and laboratory , so far as imparting 
knowledge is concerned. 
2 . For immediate learning the textbook 
method is unquestionably superior . 
3. For permanent learning the laboratory 
method is perhaps slightly superior . 4. In every respect the lecture fdemon-
stration7 method is the least effective in 
imparting knowledge to high school students . 
5. The rate of forgetting is greatest 
with the textbook method and least with the 
laboratory method . 
6 . The different methods show decided 
individual differences both for immediate and 
delayed reproduction . 
7. Probably a combination of the three 
methods willgive the best results in teaching 
high school chemistry . 
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Stuit and Englehartl/have also made an excellent crit-
ical analysis of the lecture demonstration versus the indi -
vidual laboratory method of teaching high school chemistry . 
A summary of their report,. which consisted of the combined 
conclusions of various investigators, is as follows: 
Conclusions contending that the laboratory method 
is superior: 
1 . There is a slight indication that 
material was better retained when taught by 
the individual laboratory method - Anibel . 
2. The order of preference of the methods 
studied pla c.es the individual laboratory method 
before the demonstration method - Horton . 
3. In every respect the lecture method is 
least effective in i mparting knowledge to high 
school students - Wiley . 4. For permanent learning the laboratory 
method is perhaps slightly superior - Wiley. 
5. For providing knowledge and method of 
1/ Op . cit . , PP • 388-391 
attack, the laboratory method is superior for the 
inferior pupil - Knox . 
Conclusions claiming_that the demonstration method 
is superior: 
1. Bright pupils are more likely to profit by 
the lecture - demonstration method than are the 
others - Anibel . 
2. Dull pupils profit more from demonstra -
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tion than from individual laboratory work - Carpenter . 
3. The lecture - demonstration takes less 
time and costs less - Anibel . 4. The teacher (demonstration) met hod is 
best - Nash and Phillips. . 5. Lecture - demonstration method gives better 
control over the individual since all are under 
teacher guidance - Pugh . 
6. For purpose of providing knowledge for 
both immediate and permanent retention and for 
the purpose of providing technique or handling 
new problems, the demonstration method is much 
to be preferred to the laboratory method in 
case of average superior pupil - Knox. 
Conclusions contending that the students achieved 
equally well by either method: 
1. Immediate retention is about equal in 
both lecture- demonstration and individual - labor -
atory methods - Anibel . 
2. There is not as great a difference as 
is ordinarily supposed in the value of the 
three methods, lecture , textbook - and labora -
tory, so far as imparting knowledge is concerned -
Wiley . 
3. The results of this experiment point to 
the conclusion that the majority of students in 
high- school, laboratory- chemistry classes, taught 
by the demonstration method, succeed as well as 
when they perform the experiment individually, if 
success is measured by instruments which measure 
the same abil ities as are measured by these 
tests, namely, specific information and ability 
to think in terms of chemistry - Carpenter . 
General conclusions based on evaluation of the 
reported research: 
After considering the above conclusions 
the writers have arrived at a few ideas which 
seem justifiable in the light of the evidence 
given by this study . 
1 . No method can be considered to be the 
best in every case. The objectives of chemistry 
teaching, the preference of the teacher, the 
nature of the pupil, and the facilities of the 
schools will largely determine which method 
should be used. 
2 . In small schools where money and space 
are not plentiful the lecture - demonstration 
method seems to be most practicable . 
3. The written test cannot be used to 
test all the outcomes of a course in high school 
chemistry . Some sort of manipulative tests 
seem necessary to test the laboratory skills . 4. The problem of the relative merits of 
the lecture - demonstration and individual - labor -
atory methods still seems unsolved and as complex 
as ever . More careful experimentation, involving 
careful control of non- experimental factors and 
reliable testing, is needed in order to justify 
any definite and final conclusions. When exper -
imentation has shown the relative superiorities of 
the methods in terms of out comes , the methods 
should be evaluated in terms of the values 
attached to these outcomes . 
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Evidence of the evolution of teaching methods parti -
cularly by the visual method is apparent in the next study 
to be considered, that of Smith!/ • The visual method has 
been long recognized by leading educators as one of the 
most valuable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school 
that does not, in one way or another, make use of visual 
aids in teaching . The alert teacher and administrate~ 
are constantly seeking suggestions and illustrations by 
means of which the vague conceptions of the pupils may 
be made into real facts and parts of their experience . 
1/ Herbert A. Smith , 11 A De termination of the Re 1 a ti ve 
Effectiveness of Sound Motion Pictures and Equivalent 
Teacher Demonstration in Ninth Grade General Science", 
Science Education (April, 1949), 33:214- 221 . 
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Any method will not be it can provide both 
clarity and simplicity 
In the study do~e 
overlooked if 
combined .£/ 
by Smit~/ the problem involved was: 
1 . What is the relative effectiveness in ninth 
grade general science classes of experimental 
demonstrations per for med by t he teacher . ~nd 
equivalent demonstrations presented through the 
medium of educational sound motion pictures. 
2. The determination of the relative effective-
ness of these two instructional techniques with 
pupils of different levels of intelligence . 
In the plan of study three methods of presentation were 
used: (1) teacher demonst~ation , (2) use of films , and (3) 
a combination of teacher demonstrations and the use of 
films . The conclusions made, as a result of this study , 
were as follows ; 
1 . Educational sound motion pictures and teacher 
demonstration are of equal merit as instructive 
devices in ninth grade general sc i ence when they 
include essentially the same materials in so far 
as merit can be determined by the techniques em-
ployed in this investigation . The use of either 
method singly is as effective as the combination 
of the two . · 
2. There is a tendency for increased intelligence 
as expressed in terms of an intelligence quotient 
to be accompanied by increased learning where 
learning is represented by the gain of final over 
initial test scores on the objective tests used 
in this investigation. The degree of relation-
ship is independent of the method of instruction 
1/ Paul Arthur , Lecture Demonstrations in General 
Chemistry , McGraw Hill Book Company, New York , 1939, 
pp . 2-4. 
~/ Op . cit., pp . 214-215 . 
utilized indicating the same relative value for 
sound motion pictures and teacher demonstrations 
portraying essentially identical materials re -
gardless of the l evel of intelligence of the 
students . 
Certain similarities exist between the problem of 
this science seminar and the problem investigated in the 
study by Croxton .l/ His problem was stated thusly : 
"Is the failure of children to generalize due 
primarily to lack of power or tendency , or is 
it simply due to want of sufficient experience •. • • " 
In this study most of the experiments tested the 
pupils' ability to formulate and apply a principle after 
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eight minutes exposure to the essential experimental basis 
in the form of a demonstration or directed play . The ten-
tative conclusions made by Croxton2/ are as follows : 
1 . The data indicates that many children in the 
higher primary, the intermediate , and the junior -
high school grades are capable of generalizing. 
2 . While the experiments do not prove that most 
pupils in the kindergarten and lower primar y 
grades could not generalize if a more adequate 
experience basis was provided , t he data together 
with the evident obsession manifested by these 
children for obtaining emotional satisfaction 
do suggest that early childhood is preeminently 
a period for satisfying reactions . 
3 . There is little in these experiments to 
suggest that junior -high school' 'pupils possess 
markedly superior ability to generalize than 
intermediate grade pupils po~sess, the differ -
ence in the scores in favor of the former be'in_g 
1/ ~vv . c. Croxton , "Pupils 1 Ability to Generalize", 
School Science and Mathematics (June , 1936) , 36:627 -634. 
~/ ~·, p . 634 . 
little more than mi g;ht reasonably be credited to 
added experience . 
In summary, therefore, of the research and studi es 
compiled by investigators on the value and the effective -
ness of the lecture - demonstration , as compared to other 
methods of science teaching such as the individual labora -
tory method , the textbook method , and sound motion pictures , 
it can be concluded that the lecture - demonstration method 
of science teaching is equal to, if not better than, any 
other method of teaching . It incorporates direc t experi-
ence of the pupil , pupil experience in thinking, utiliza-
tion of the senses , understanding processes , application 
of scientific principles , and ability of the pupil to 
generalize . 'rhrough the use of the lecture- demonstration 
most , if not all , of these above qualities are satisfied. 
Again , the writer would like to cite the fact that the 
lecture - demonstration method is equal t o , if not better 
than , any other method of teaching science . 
2 . Cr i teria for a Good Demonstration 
Statement of the probl em.- - There are two problems i nvolved 
in developing a list of criteria for a good demonstration :: 
(1) to define clearly the wor d 11 demonstration11 as it is to 
be used in this experiment; (2) to evolve, through ref er ence 
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to the literature , the criteria . 
Need for research. --Since the demonstration is the 
instructional procedure selected for use in the experiment, 
it is necessary to clarify the meaning of the demonstration 
method. 
Nolll/ has pointed out the fact that investigators 
seldom define teaching methods carefully and minutely 
enough. Various writers have recognized the need in re -
search for accurate definition of terms . Like Noll , 
Riedel_g/ has made a plea for c'lear definition of teaching 
methods and experimental procedures . Mack 3/ has stated 
that there are as many definitions of "demonstration" as 
there are authors treating the subject . Prestong/ also 
realized this and called for clarification and unification 
of terminology . 
Most of the literature on the demonstration method 
fails to recognize the difference between the lecture - demon-
stration, the class experiment , and the illustrated lecture . 
17 Victor H. Noll , The Teaching of Science in £lementary 
and Secondary Schools , Longrams, Green and Co ., London 
and Toronto , 1939 , p. 63 . 
~/ F . A. Riedel , "What, If Anything, Has Been Proved as 
to the Relative Effectiveness of the Demonstration and 
Laboratory Methods in Science? " School Science and Math-
ematics (May, 1927), 27:513 . 
3/ Joseph A. Mack , "Desirabl e Qualities in Demonstration 
Apparatus" , School Science and Mathematics (Jan ., 1950), 
50 : 21 . . 
4/ Carleton E . Preston , "Is the Deba te in Common Terms? " 
Ticience ~ducation (February , 1935), 19 :14-16. 
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Preston 1/ attributes much of the success of lecture - demon-
strations to their actually being class experiments . 
Definition of demonstration.--The demonstration i s in this 
experiment actually a lecture - demonstration . Reference to 
the literature will help to clarify the meaning. First , 
the "demonstration" is defined by the Dictionary of Educa -
tion~/ as follows : 
The 
11 (1) The method or process of presenting or 
establishing facts; (2) the proced1we of doing 
something in the presence of others either for 
means of showing them hmv to do it themselves 
or i n order to teach a principle . 11 
same source1/ defines t he lectu~e -demonstration thus: 
11 An instructional procedure in which the verbal 
message is accomp anied by use of apparatus to 
illus trate principles , determine or verify facts, 
clarify different parts, or test for comprehen-
sion of material under discussion." 
Prestonl!/ further clarif ies the concept of the lecture-
demonstration as distinct from the clas s experiment : 
"In true lecture - demonstration t he teacher shows 
everything, explaining or interpreting each point 
as he , or some pupil , performs the work . In true 
class experimentation the teacher endeavors, by 
well - di·rected questions , to get the members of 
the class to observe or come to conclusions them-
selves· as to the proper interpretation, and per -
haps to plan further steps or procedures . Thus, 
1.1 Loc. cit . 
~/Carter V. Good (Editor), Phi Delta Kappa , Dictionary 
of Education, McGraw- Hill Book Company, Inc ., New York , 
1945, p . 124 . 
2./ Ibid ., p. 238 
4/ Carleton b . Preston, The Hi~p School Science Teacher and 
His Work , McGraw - Hill Book Company , Inc ., New York and London, 
1936, PP • 192-193 . 
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in U1e lecture - demonstration the flow of informat i on 
and explanation is from teacher to pupils ; i n the 
cla.s·s experiment it is exactly the opposite . 11 
Elsew~ere , in defining lecture - demonstration , Preston1/ 
makes the point that "no questi ons interr upt the speaker 
and he asks his audience none , other than for rhetorical 
effect. 11 
Preston, however , does not distinguish the lecture - . 
demonstration from the illustrated lecture as does the 
Encyclopedia of Mo dern Education ;_g./ 
11 The lecture - demonstration di ffers f rom the 
illustrated lecture in that the latter focuses 
attention on the screen and shows the relation-
ships by means of· pictures, slides , mov i ng 
pictures or sr:e cimens while the lecture- demon-
stration focuses attention on the lecturer who 
shows the relationships through the use of 
manipulation of physical material, machines or 
appliances . 11 
The meaning of' 11 demonstrati on" is further expanded by 
the following observation made by IVla ck :l/ " Inherent in the 
concept of demonstration is the factor of movement of mater -
ial things , not a static condition or display . 11 This so -
called dynamic quality of the demonstration leads Mac~/ 
to exclude from the demonstration procedure certain stand-
ard t eaching materials: 
1/ Carleton r!J . Preston, 11 Is the Debate in Common Terms? " 
~cience ~ducation (February, 1935) , 19 :14- 16. 
~/ Harry N. Rivlin , Encyclopedia of Modern Education , The 
Philosophical Library of New York City, New York , 1943 , p . 452 . 
J/ Op . cit . , p . 21 . 
1±/ Loc . Cit . 
nos~on Un)rer~ 1 ty 
Schoo] ot &duca~lo~ 
Library ....-
"objects, unless they can be or:erated .•. so 
also, specimens, somples and parts • • • Likewise 
models, as such, are barred unless they are 
working models; so also , miniatures and enlarge-
ments .11 
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Although micro - projection techniqQes are gaining increasing 
favor in demonstration work , l/ it would seem that this 
method should also be excluded on the same basis as the 
other visual aids. 
Further, Ma-ckY states that the demonstration is "an 
appeal through the senses of sight and hearing and less 
frequently through the other senses." He would , therefore , 
exclude from demonstration work materials that appeal to 
only one sense ; such as , transparencies, pictures, charts, 
recordings and radio reproductions . 
Thus certain characteristics of the demonstration have 
been determined by definition. These are: 
1 . The demonstration is an instructional procedure. 
2 . It is frequently used to teach principles . 
J , It differs from the class experiment . 
4. It differs from the illustrated lecture . 
5. Movement and action are essential . 
6 . It is an appeal through two senses: sight and hearing . 
The necessary implications of each of these statements have 
already been suggested. 
1/ Mary A. Ott, 11 Microtechnique for Projection Demonstration 
in General Science", Schoo l Science and Mathematics (January, 
1946) , 46 :68- 73 . 
~/ Op . cit., p . 21 
\ 
Review of the literature. --A review of the li terature 
was made in order to discover those basic principles which 
might be used as a guide in doing demonstrations . 
First , a search was made to loc ate any previous studies 
that paralleled this investigation. The Bibliographic 
Index provid.ed the necessary ref.erences . It was found that 
many investigators had subjectj,vely listed criteria i n one 
form or another . However , only one study , documented with 
referellces , proved similar to this one . Mack~) covered 
many of the same sources in developing his checklist for 
evaluating desirable qualities of demonstration apparatus . 
He lists as 11 f actors 11 those conditions inherent in the 
physical surroundings and i n good techniques and as 
11 qualities 11 those conditions inherent in the apparatus . 
Much of his research had to be duplicated in this review , 
but for a different purpose which called for more complete 
and descriptive statements . 
A working bibliography was developed consisting of 
five types of ~o urces: (1) professional journals and 
science publications , ( 2 ) methodology textbooks , ( 3) teach-
ing science textbooks, (4) audio - visual texts and 
(5) books on experiments . The following reference sources 
were consulted : Bibliographic Index , Encyclopedia of 
Educational Research , Bibliograp~ies and Summaries in 
l/ Op . Cit ., pp, 19- 31 . 
Education , Reader ' s Guide, International Index , Ulvich ' s 
Peri odi cal Directory , Vertical Fi le Service, and the 
Education Index . 
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There was great variety in the nature of the materia l cov-
ered which included such items as : 
1 . Steps to fol low 
2 . Desirable qualities 
3. Desirable characteristics 
4. Points to keep in mind 
5. Rules for demonstrating 
6 . Suggestions for making .demonstrati ons effective 
7. Criteria 
8. General discussi ons of the demonstration method 
Works included in this study fal l into four categories: 
( 1) Those vh ich deal with the demonstration in a general 
sense ; (2) those from the field of biology (3) those from 
the field of physics (l+) those from the field of chemistry . 
Several of the authors in the first category, the 
"general ", emphasize only one or a few aspects of the use 
of demonstrations . In discussing the presentation of 
example demonstrations, Cahoonl/ i ndica tes certain steps 
taken to insure effectiveness of the demonstration and 
emphasizes only visibility and size of apparatus. 
IT G. p . Cahoon , 11 Us i ng Demonstrati ons for Providing Pupil 
Experiences in Thinking11 , Science Education (October, 1946) , 
30 : :J-96 - 201 . ---· 
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Colvi~/ offers three cautions to be observed in class demon-
strations . Hoff~emphasizes only visibility and planning. 
Pinkus3/ suggests the need for apparatus especially designed 
for demonstration purposes and stre s ses the factor of visi -
bility . 
A few in this same group attempt more detailed coverage . 
Potthoff ,l±/ for example , offers several suggestions for per -
forming demonstrations effectively and contributes many ex-
cellent ide as . In discussing the art of lecture table 
t t . . 51 . 1 1 1 demons ra lon, Davlson- mentlons severa ru es to fo low 
in demonstrating . Rakestra~ touches on six different 
aspects of the good demonstration in his extensive discussion 
of lecture - demons t ration. 
i/ Stephen Sh e l don Colvin, An Introduction to Hi · School 
Teaching, The Macmillan Company , New York , 192 , Ch . 12 . 
~/Arthur G. Hoff , Secondary School Science Teaching, The 
Blakiston Company , Philadelphia and Toronto , 19h7, PP • 188-
189~ 
3/ L . F . Pinkus , " Some Suggestions in Demonstrations" 1 Science (October 2J , 1933) , 78 : 364 . 
4/ Edward J? . Pot t hoff , "The Use of Demonstrations in Science 
Te aching11 , Science Education (December, 19~5) , 29 :253- 255 . 
2./ H. F . Davison , "The Art of Lecture Table Demonstration", 
Journal of Chemical Educa t ion (June , 1927) , 2:~+3- 7 . 
6/ Norris W. Rakes t raw , "The Function and Limitations of 
Lee ture Demonstration" J.. J ournal of Chemical Education 
( November , 1929) , 6 : 18~2 -1886 . 
Still others in the 11 general 11 group have systematically 
attempted to list criteria in some form . Billinger]/ lists 
five requirements for a nuccesful demons tr·ation . Dale_g/ 
offers fourteen suggesti ons for improving demonstrations 
and eleven questions for evaluating them. Under "demon-
stration techniques", Haas3/ lists ten steps to be com-
ple.ted before conducting the experiment and five sui??ges -
tions for conducting it . Heissl±/ elaborates on seven ex-
cellent rules for demonstrating . Holley.2/ lists seven 
things a teacher can do to 'insure successful demonstrations . 
Mack6/ developed o lengthy checklist of desirable qualities 
in demonstration apparatus . In a group thesis edited by 
Murrayl/, f .:i,.ve criteria for a demonstration were listed 
1/ R. D. Billinger, "Lecture Demonstration Experiments", 
Journal of Chemical Education (August , 1937) , 1~. : 375- 7 . 
_g/ Edgar Dale , Audio- Visual f~ods of Teaching , The Dryden 
Press , New York , 194(5, p . 125 . 130 . 
3/ K. B. Haas , 11 Th e Demonstration and Field Trip as Training 
Techniques", Business Education World (February, 1951), 
31 : 291 - 293 . 
4/ Elwood D. Heiss , Charles W. Hoffman , and Ellsworth S. 
Obourn , Modern Me thods and lVla terials for Teaching Science, 
The Macmill an Company, New York , 1950 , pp . 171- 2 . 
2/ Charles Elmer Holley, High School Teachers Methods , The 
Garr.ard Press , Champaign, Illinois , 1937 , p . 229 . 
6/ Op . cit ., p . 27- 29 . 
7/ Chalmers Murray (bdi tor) , New and Improved Demonstra-
tions , Each Illustrating a Sin~le Science Pr inci le , Un-
published Master ' s Thesis , Boston University , 19 0:-
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which had been deve l oped in a seminar discussion . Richard-
son and Cahoonlf 
tion. Selberg2/ 
list five criteria for a good demonstra -
lists sixteen common· errors in demonstra -
tion techniques (actually cl as s experiment techniques) and 
offers an excellent plan to follow in doing classroom demon-
s tra tions. In the second category , the works from the field 
of biology, only one study was found. Grametd/ lists eight 
characteristics of the good demonstration . 
In the third category, works from the field of physics , 
the same breakdown can be made as for the first category . 
Among the few who emphasize only one aspect , Coylegj 
stresses the value and importance of vertical molli~ting of 
apparatus on special boards . Also , Sutton2/ stresses the 
need for simplicity and originality . Among his suggestions 
' 
for improving physics teaching , We aver6/ stresses visibil -
ity and size of apparatus . 
1/ John S . nichardson and G. P . Cahoon , i1'Iethods and Materials 
for Teaching General and Physical Science , McGraw - Hill Book 
Company, Inc ., New York , Toronto and London , 1951 . 
2/ Edith M. Selbert , 11 A Plan for Developing Better Techniques 
in Giving Science Demonstr ations , Science Education (October , 
1932) , 16 :417 -420 . 
3/ Charles A. Gramet , "Demonstration Lessons in Bi ol ogy", 
Science bducat ion (February , 1934), 18 : 33- 36 . 
]±/J . P . Coyle , E . C. Hmsen , and R. B. Coe , "Demonstra-
tions Made More Visible", Chicago Schools Journal (November, 
1941) , 23 :64-8 . . 
5/ Richard M. Sutton, 11 Th e Importance of Scienti fic 
I nstruments and Apparatus to the Tea chers of Physics", Review 
of Scientific Instruments (December, 1941) , 12 : 573- 582 . 
§/ Blbert C. \:Jeaver , "Teaching Physics Effectively", 
School Science and Mathematics (May 1944) , 44 :402 . 
Hitchcoc~/ emphasi~es ~£Q as the essential qual -
ity of good demonstrations and incluctes , as he elaborates 
this theme, many other criteria. 
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Duff£/ i s the only one in the field of physics to make 
a systematic listing. He enumerates nine desirable qual -
ities in demonstration experiments. The fourth and final 
category, the works from the field of chemistry, may be 
similarly analyzed . Arthur]/ presented a lengthy discussion 
on visibility including many excellent suggestions . Reedl±/ 
discusses in some detail fovr aspects of good demonstrations 
and techniques . Wiles5/ also deals only with a few aspects 
of successful demonstrations . 
Dunbar2/ lists eleve n desirable characteristics in 
demonstrations . His list is based on Duff ' s and includes 
1/ Richard C. Hitchcock , 11 I Like Action in Physics Demon-
strations11, School Science and Mathematics (December , 1941) , 
41 : 832- 839 . 
2/ A. w. Duff , 11 Desirable Q,ualitie s in Demonstration Ex -
pe riments 11 , School Science and Mathematics (November , 1928) , 
28 : 857 . 
3/ Paul Arthur , Lecture Demonstrat ions in General Chemist£Z, 
Mc - Graw -Hill Book Company , Inc ., New York and London, 1939, 
Ch . 1 . 
btl Rufus D. Ree d, " High School Chemistry Demonstrations", 
Journal of Chemical Education (November, 1929) , 16 : 1905- 9 . 
5/ L. A. \hles, 11 The Value of Lecture Table Demonstrations 
In the Teaching of Chemistry 11 , Journal of Chemical Educa -
tion (September , 1928), 5 : 1109- 1111 . 
6/ Ralph E . Dunbar , 11 Some Desirable Characteristics in 
Chemistry Demonstration Experiments 11 , School Science and 
~4athematics (January , 1950) , 50:19- 31 . 
specific examples in chemistry, Frankl/ provides twelve 
suggestions re g arding use of class demonstrations which 
he believes to be justified by the experience of a number 
of teachers . Gould2/ epumerates on eight to consider in 
planning and performing demonstrations . Van Horne3/ 
offers five suggestions for the preparation of apparatus 
and materials and four rules to follow i n conducting 
demonstrations. 
Treatment of the data .•-From the literature selected 
for inclusion in the study , each separate statement which 
seemed to form the basis of a possible criterion was noted 
on an individual card . Items were accepted for considera -
tion if they were mentioned once . They were rejected on 
the basis of (l) i nconsistency with the definition of a 
demonstration developed, or ( 2 ). inconsistency with the 
design of the experiment. The items thus selected for 
i nclusion in the list of criter•ia were organized into the 
outline Which appears below . The criteria themselves are 
listed as major statements . Suggestions for implementing 
them are listed as sub - topics under the criterion to ~ich 
they seem best to apply . This arrangement is entirely ar -
}./ J. 0 . Frank , The Teaching of Hip)?. School Chemistr~ , 
J . 0 . Frank and Sons , Oshkosh, Vti isconsin , 1932 , p . 8 - 9 . 
2/ Arthur B . Gould , 11 Demonstration Experiments and Their 
Place in the Teaching of Chemistry" , Journal of Chemical 
Education (Febr-u ary, 1931) , 8 : 297 - 302 . 
3/ Donald Van Horne , " The Lecture Demonstration Method 
in High School Chemistry11 , Journal of Chemical Educati on 
(January , 1930) , 7 :109 -1~6. 
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bitrary . Many of the items organized as sub- topics were 
in some studies lis ted as a 11 major cri terion11 • Various 
items included as sub- topics were mentioned by different 
authors in d:i.fferent places . However, an arbitrary organ-
ization seemed justified on two bases : (1) no two of the 
studies duplicate each otherl/; and (2) the nature of the 
material covered is of such diverse nature . The criteria 
thus organized were submitted to the seminar for criticism 
and revision . This list was ~ccepted as it appears below . 
Selected criteria .--The criteria for a good demonstra -
tion as used in this experiment are as follows: 
CRITBRIA FOR A GOOD DEMONSTRATION 
I , THB DEMONS'I'RATI ON SHOULD ILLUSTRATE A BASIC PRINCIPLE , 
II . TH£ DEMONSTRATION SHOULD ILLUS'rRAT~ ON.t. PRINCIPLE ONLY . 
III . THE ACTION OF T:H:b.. DbMONSTRATION SHOULD Bl!. CLBARLY 
VISIBLe AND AUDIBL~ TO ALL . 
A. RemQve all the audio- visual distractors . 
B. Make sure the lighting facilities are adequate . 
Spotlight or otherwise sufficiently illuminate 
tne thing being demonstrated. 
C. Adjust mndow shades so that students can see 
from all parts of the room . 
D. If necessary , rearrange the seating so that 
everyone has an unobstructed view. 
1/Dunbar 1 s list of desirable characteristics is based 
on the list developed by Duff . 
E. Be sure that those with poor hearing and 
vision are seated appropriately . 
F . Have the demonstrat~on table arranged so 
that all pupils can see the demonstration . 
1) Vertical mounting of' apparatus is es -
pecially effective . 
2) Place the apparatus well forward on the 
desk, facing out toward the pupils . 
3) Place demonstration table in best posi -
tion for all to see from all angles. 
G. ~herever possible , make use of color contrast 
to make the apparatus or materials stand out . 
IV . THE APPARATUS SHOULD BE ON A LARGb SCALE . 
A. The apparatus must be clearly visible from the 
furthest corner of the room. 
B. Vihere a thermometer (or other meter) is essential 
to the demonstration , use a mock- up or V\0 rking 
model to help the class visualize this part of 
the procedure . 
c. Large signs and diagrams may be used to 
supplement t he spoken word . 
1) They must be previously prepared. 
2) They must be clearly visible to all . 
3) Green print on yellow is preferable to 
black on white . 
V. THE DEMONSTRATION SHOULD irJORK : IT SHOULD BE AS IN-
FALLIB~ AS POSSIBLb . 
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A. Apparatus should be in sound working condition . 
*B. Apparatus should be as simple as possible . 
1) Simplicity of operation. 
2) As few parts as possible . 
3) Avoid crowding , overlapping and masking of 
the parts . 
* c. The demonstration should be rehearsed in advance . 
D. The demonstration should be well - planned and 
pr epared. 
1) Se t up apparatus and have all materials 
carefully arranged on the demonstrati on 
table before the class meets . 
2) All the necessary measuring and weighing 
should be done before class . 
3) Scales and graduates should be p l aced 
away from the demonstrat i on table when 
no longer in use . 
VI . Trill D&~ONSTRATION SHOULD Bb SIMPL~ AND Tlffi SP~hD OF 
ACTION SUITAELE . 
A. Use simpl e setups and place the equipment in 
order on the table so that the action can pro-
ceed logically . 
* --These might well be separate criteria . 
• 
B. Talk while y9u wor k . Be sure to : 
l) Emphasize the main points; do not digress . 
2) .Keep summarizing as you go along . 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag • 
c. Use a simple vocabulary . 
VII . THE DNflONSTRATION SHOULD BE DYNAMIC . 
A. By definit~on , movement and action are essential 
to the demonstration . 
B. Positive etfects of motion are more impressive 
than null effects of static display . 
VIII .A SLIGHT DRAMATIC bLEMENT IS SOMETIMES USEFUL . 
IX. AN bLEM~NT OJ:<· THE UNEXPECTED IS SOMETIMES EFFECTI VE . 
X. THE APPARATUS SHOULD B~ OF EASILY AVAILABLE AND INEX-
P~NSIV~ MATERIAL . 
XI . THE APPARATtJS USED IN THE GIVEN D.E.MONSTRA'l'ION SHOULD BE 
STORED AvvAY I NTACT UNTIL IT IS TO BB USED AGAIN . 
The frequency with which the above mentioned criteria 
were mentioned by the sources consulted is indicated by the 
chart below . The count was made merely for general interest . 
It has , however , certain obvious values . The frequency of 
mention of the various criteria provides means of establish~ 
ing their validity . The table shows the relative importance 
of the criteria as recognized by these authorities . 
.. 
Table 1 . The Frequ ency of Mention of the 
Selected Criteria by the Sources 
Consu lted. 
Auth or - Criterion Number 
Source 1 21 3 4 5 b 7 t3 
1. Arthur • •. • • • X X X X 
2 . Billinger • . . X X X X X 
3. Cahoon • • • ••• X 
4 . Coyle • . . . .• • X 
5. Colvin •. ••. • X X X 
6 . Dale . . . . ... . X X X X 
7 . Davison • . • . • X X X X X 
8. Duff . •. . ... • X X X X ~ I X X X 9. Dunbar • ... • • X X X X X X X 
10 . Frank • • . . • .. X X X X 
11 . Grame t • . . ..• X X 
12. Gould •• . . ..• X X X X X 
13. Haas •. . . . •. . X X 
1L~ . Heiss . .. . . . . X X X X X 
15. Hitchc ock .•. X X X X 
16 . Hoff . . .. . ... X X 
17 . Holley ••. .•. X X X X 
18 . Mack • ......• X X X X X X X X 
19 . Murray •••. • . X. X 
20. Pinkus •.. . .• X X 
21 . Potthof f • .•• X X X X 
22 . Rake straw •.• X . . x . X X X 
23 . Reed . . . •.•• • X X X 
24 . Richardson • • X X X X 
25 . Rie del • . •. . • X X X 
26 . Se lberg • .. . . X X 
27. S ut ton ••••. • i X 28 . Van Hor n e • •• X X 
29 . Weaver X X 
2Q. Wile s . ... . • • i X X X X 
Freque ncy . . ...•• 11 i 7 j 25 19 22 14 4 7 
Cri t erion n LUnber 1 ' 2! 3 4 s·, b 7 7 
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3. The Test Technique 
A. Str·ucture of the Test 
Multiple choice items .--'rhe test is composed of approx-
i mately thirty multiple choice items. Each item is in the 
form of an incomplete sentence, or a question , referred to 
as the stem, accompanied by three or more possible responses . 
Of the possible responses presented to the examinee , one is 
the best response . The examinee · is also presented an 
answer sheet upon which he checks in the parenthesis the 
response he has selected . The construction of the response 
items , in accordance with suggestions made by Ross1/ , has 
been grammatical l y consistent, approximately of equal 
length , and plausible , in so far as possible . The writer 
has endeavored to make the type of re sponses for each item 
homogeneous in natill~e, in order to detect higher levels of 
understanding and discrimination . 
This "best- answer" variety of the multiple choice test 
means simply that one response best refers to the stem of 
the item . Each item provides 11 a response that competent 
critics can agree upon as best. 112/ The competent qritics 
in this specific situation compose a group of in- service 
1/ C. C. Ross, Measurement in Today 1 s Schools , 
Prentice - Hall I nc . , New York , 1947 , p. 150 
2/ R. L. bbel and E . F . Lindquist (Editor), Educational 
Measurement , George Banta Publishing Co . , Menasha, 
Wi sconsin , 1951 , p. 232 . 
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science teachers . The writer has taken great care to 
"make all distractors plausible and attractj.ve to examinees 
who lack the information or ability tested by the item" ,l/ 
and 11 avoid highly technical dis tractors 11 .~/ In reference 
to the multiple choice type test , Ode113/ states that 
11 they may be used to test not only knowledge of facts and 
amount of acquired information, but also knowledge of cause 
and effect relationships , ability to make comparisons, to 
evaluate , to apply, to illustra te , to define , and so forth . 
They are easier to prepare , and olso to score, than some of 
the other types . " He further addsl±/ 11 almost all kinds of 
multiple answer tests can be constructed so that they 
:possess practically perfect objectivity." The scorer is not 
faced with the problem of partial credit on this type of an 
examination . Either t he response that is checked upon the 
paper is correct , or it is not corr ect , with no qualifica-
tions . 
Levels of difficulty . - - The writer is making an attempt 
to determine to what probable extent application and recog-
nition , as well as understanding of a scient~fic principle 
1/ Op . cit ., p . 234 . 
~~ Ibid • , p • 2 3 5 • 
3/ C. W. Odell, Traditional Examinations and New- Type 
Tests , The Century Co ., New York and'London, 1928, p . 282. 
4/ Op. cit . , p . 282 . 
have been gained through the demonstration activity . For 
this reason , it is necessary for the examiner to approxi -
mate the difficulty range of the test items which he has 
prepared. It is well recognized that there are various 
levels of learning.l/ In order to measure these levels of 
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learning, a testing device of various levels of difficulty 
must be constructed. The actual judgment of item difficulty 
must be l ef t up to the subjective judgment of the test con-
structor . 11 The use of subjective judgment in estimating 
item difficulty at the stage of item construction is to be 
encouraged. Such judgments , when based on all available 
experience , are distinctly helpful in leading to the con-
struction of items of the desired difficulty . "~/ The con-
structor has ample opportunity to construct the items of 
various degrees of difficulty by using more remote subject 
matter applications, or by including unusually good di s -
tractors in the test items . Odelll/ states that , in 
reference to good distractors, 11 their selection /distractors7 
will depend to some extent upon how difficult it is desired 
to make the test . Incorrect answers should , however, never 
be obviously incorrect to a pupil who knows little or 
1/ W. A. B1•ownell and U. M. Sims , The Measurement of 
Understanding , Forty - fifth Yearbook, Na tional Society 
for the Study of ~ducation , 1946, University of Chicago 
Press , Chicago , Illinois, pp . 27 -43 . 
~/ K. W. Vaughn and E. I<·. Lindquist (Editor), Educational 
Measurement , George Banta Publishing Co ., Menasha, 
Wisconsin, 1951, p . 174. 
3 I Ibid . ' p . 2 86 • 
nothing of the matter dealt with •• •• 11 
The various levels of learning may be broken down to 
three broad f':·.ategories . The first level of learning may 
be labelled, or described as mere factual retention. The 
second level employs enough understanding of the factual 
retention so that the learner can reco gnize and apply , in 
Q8 
'-
simple situations , the principles or concepts which he has 
retained. The third level of learning is reached when the 
learner can recognize and apply the understanding of the 
factual material to more complex , unfamiliar , and difficult 
situations . The test has been constructed with these three 
levels of learnins in mind . The first t hird of the test is 
concerned with items of the first level of learning, and so 
on. rrhus , the test can be said to measure three levels of 
learning, all concerned with the same demonstration , and 
the same scientific principle . This me thod of testing 
tells the examiner to approximately what extent the pupil 
can r ecall, understand, or apply the principle. 
Vocabulary. - -It is only logical for one to assume that 
the vocabulary used throughout the experiment must be consis -
tent , or at least on the same level . Voca.bulary comprising 
the test must, of necessity, be equivalent to that used 
during the demonstration. Inconsistent vocabulary is one of 
the factors which could unfavorably affect the reliability of 
the testing program. If the vocabulary within the testing 
device is inconsistent with that of the oral demonstration, 
one can expect a low reliability of the whole testing pro-
cedure . Reliability, itself, is the consistency with which 
a test measures "what it measures 11 • 
The vocabulary of the testing device has been amended by 
the critic- jury to establish consistency of vocabulary 
throughout the experiment and vocabulary comprehension at the 
grade level at which the test is used . 
The test tryout. -- 11After a set of test items has been 
written , criticized by subject matter experts, and revised 
on the basis of their criticisms, it must ordinarily be 
tried out experimentally on a sample of examinees ."1/ 
Prior to any experimentation , the test was subjected to a 
tryout on at least one hundred pupils of equivalent age 
and grade level , but are not included in the experiment . 
This independent tryout tended to expose any unusual ly poor 
items, or poor distractors among the possible responses . 
Such items could be dropped completely from the test , or 
eliminated in the final tabulation of the total results. 
As was stated previously , the total number of items 
in the test approximates thirty , but some may be dropped 
due to the discretions of the critic-j1~y, or as a result of 
the test tryout . 
1:./ H. S . Conrad and E .. F . Lindquist (Editor') , Educati:onal 
Measurement, George Ba~ta Publishing Co ., Menasha , Wis -
consin, 1951, p . 250 . 
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The test periog .--The length of the testing period .for 
both the pre - test and the post - test has been indefinite , in 
so far as no specific time limit has been set for either o.f 
the tests . The test period may continue on until every 
pupil has completed the test , in so far as possible. Each 
pupil is allotted sufficient time to at least read all of 
the items presented him . A multiple choice test o.f thirty 
items can be approximated as requiring atlout ten minutes to 
be read through completel y . Odelll:/ has recommended that 
"on the average elementary- school pupils be expected to 
respond to three or four such exercises £niultiple choice 
item~? per minute . " 
By allotting sufficient time for ~11 examinees to 
attempt all the items, the influential factor of time it -
self is eliminated . As stated by Lindquist , _g/ 11 'l.'he most 
common way of reducing or elimi nating the influence of time 
on tests is to set the time limits so liberally that all , 
or nearly all , pupils are able to consider or attempt all 
the i terns in the test . 11 Pupils are told to cornple te all 
items, and are watched to see that they keep at this task 
until finished . 
]] C. ~·i . Odell , Traditional Examinations and New- Type Tests, 
The Century Co. , New York and London , 1928, p. 285 . 
2/ A. E . Traxler and E ., F . Lindquist (Bditor) , Educational 
Measurement, George Banta Publ~.shing Co . , Menasha , Wiscon-
sin, 19$1 , p. 340 . 
71 
B. Aims and Use of the Test 
Employing statistics .--The test is an instrument 
devised to obtain statistics for measuring growth of learn-
int; , due to a specific educa t ional experience, namely a 
scientific demonstration. ~very effort has been made in 
the construction of the test to measure as precisely as 
possible, the "me aningful learning" that ha s been grasped 
by each pupil subjected to the demonstration and the test-
retest procedure. The only descriptions of t he l earning 
and understanding that have taken place are t he statistics 
which can be applied to the results of the tests taken by 
the examinees. In accordan ce with Guilford ,-±/ it appears 
obvious that 11 statistics enable us to summarize our results 
in meaningful and convenient form" . The summaries of the 
test results will enable educators in the field of science 
education to make general conclusions and predictions con-
cerning the presentation of the particu~ar scientific 
principle that has been demonstrated . Experimental and 
statistical methods cannot be di vorced from each other, in 
so far as , 11 The experiment directs our observations and 
yields data. By means of statistical methods, we can sum~ 
marize those data , interpret them , and determine their 
1/ J . P. Guilford , Fundamental Stati"sti cs in Psychology 
and Bducation, McGl"'aw-Hfll' Book Co.~ New York an'd London, 
1942 , p . 3. 
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rel·iabili ty . 11~/ 
In this respect, Brownell~/ has stated that "Altogether 
too commonly understandj_ngs are disregarded in evaluation 
(and in teaching) in £avor of outcomes which are more easily 
measured (and achieved) . 11 
Test - retest method .--If the educator is to measure 
growth, or learning, due to some specif ic learning activity , 
he cannot overemphasize the "importance of knowing initial 
status with respect to understanding . "}/ The ·writer· is 
corivincecl that the only reliable method of measuring the 
amount of' learning, due to some specific activity , is by 
means of the test - retest method . That is, by administering 
identical tests prior to , and after the learning situation . 
It is conceded that 11 not all the gain £ound can be correctly 
attributed solely t o the r emedial program .{the demonstration 
perio.£1 Some of it is doubtless due to the practice effect 
or to familiarity with the test itself, part of it to 
teaching received outside of school, and part of it to 
natural growth .ul±/ For purposes of predicting this "probable 
gain11 , the writer nas made use of a control group in the ex-
periment . 
11 J . P . Guilford , Op . cit . , p . 156. 
J:./ W. A. Brownell , The Measurement of Understanding , 
Forty- fifth Yearbook, National Society for the Study of 
Education, 1946, University of Chicago Press , Chicago , 
Illinois, p . 2 . 
3/ H. R. Douglass and H. F . Spitzer, Forty- fifth Year -
book, Op . cit . , p. 2L~. 
~~ C. C. Ross, O.P~-·~c_i~, p. 206 . 
What the test endeavors to determine. --Any increase 
in scores of the control group on the post - test (the same 
test that has been given the second time) may be labelled 
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as the probable gain that can be attributed to familiarity, 
or external factors concerning the test. The writer has 
sought to determine the significant increase of the scores 
on the post - test of the experimenta l group, and compare 
this increase with any possible increa~e made by the con-
trol group on the post- test. By knowir~g aoproximately 
what percentage gain on the test scores may be attributed 
to 11 chance 11 , as determined by the control group , the writer 
is able to conclude in this instance, that any significantly 
larger gain in the scores of the experiment group has been 
due to learning gained during the demonstration process. 
Assuming that the constructed test is both reliable 
and valid, statistics applied to the results emanating 
from the test will y i eld invaluable data in predicting at 
what grade , or grades this specific scientific principle 
can be presented with predictively good results , Statis -
tical interpretations of the test results are the means to 
these predictions. This is stated in essence by Guil£ora!/ 
who states that "statistical reasoning is basic· to all pre -
dictions". 
J/ Ibid. , p. 176. 
\ ·. 
,. 
C. Characteristics of the Test 
Reliabil i ty of the test .- - The reliability, being the 
.precision and consistency with which the test measuP~s 
" what it measures" , is a most important characteristic of 
the test . In this specific testing situation, the scores 
on the pre-tests and post- tests given to the experimental 
group cannot be correlated for purposes of determining 
reliability since the material being tested has been 
£resented t~ the · examinees in the period i ntervening the 
._ I 
two tests . 
All ·exte:rnal factors concerning the test have been 
.,. . 
kept as donsi~tent as possible . The element of time does 
\ 
not detract from the reliability, because provisions have 
been ~ade for each pupil to at least consider all the test 
i terns . 
mi nimum . 
The influential time factor has been kept at a 
Lindqu~st1/ concur·~3 in stating that "The procedures 
/tes tin£7 become entirely unsatisfactory particularly in any 
t est in which speed is a significant element in the score" . 
The sampling of the material has been adequate , since 
all t he test items have been constructed on the basis of a 
single scientific demonstration . A test of high reliability 
is _further assured in the length of the test. It is gener -
ally conceived that the longer the test, the higher the 
1/ E. F . Lindquist (Editor), Educational Measurement , 
op . cit., p . 617 . 
., 
., 
reliability . The test in consideration contains approxi -
mately thirty i tems , measuring the under standing derived 
from a single scientific principle . 
Validity.--Validation of the test items has been by 
jury, as mentioned previously. The jury wa s composed of 
in- service science teachers . 
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CHAPTER I I I 
EXPERIMENTAL PROCEDURE 
1 . School s Visited 
Three dirrerent schools were visi ted in two towns 
to obtain sufricient data ror this research. Town A 
had two grammar school s that were used by the experi-
menter and Town B had one gr~ar school with t wo 
classrooms ror each grade . All the rourth and sixth 
grade pupil s i n each or these school s were used in the 
r esearch. There were 105 rourth grade pupil s and 109 
sixth grade pupil s. Tabl e I I i l lustrates the manner 
in which the pupils were di stributed. 
~able II. The Distribution or the Pupils by 
School and Grade . 
School Grade I V Grade VI Total 
A 18 20 38 
A 30 29 59 
B 27 30 57 
B 30 30 60 
Total s 105 109 214 
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Town A 
Geography. -- This town is located approximately 
25 miles west of Boston. It has a population or 
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about 3000. The town has no industries and is classified 
as rural and residential. The town has few stores, all 
shopping being done in neighboring towns and cities. A 
few of the inhabitants are farmers, with the most of 
the population being employed outside of the town • 
. Sociological information. Approximately one 
third of the population is of Italian extraction with 
the remaining portion of heterogeneous extraction. 
Most of the homes are single family dwellings ranging 
in valuation from $3,000.00 to $40,000.00. 
Social life is centered within church clubs, 
national, and local organizations. Boy Scouts and 
Girl Scouts are fairly active in the community. 
The children also have a playground project in the 
summer which includes swimming, arts and crafts, 
and competitive sports. 
Town B 
Geography. -- Town B lies on the northwest border 
of Town A about 30 miles .from Boston. The population 
in Town B is 3500. There are a few industries, however, 
the majority of the workers are employed in neighboring 
towns and cities. The shopping facilities are somewhat 
better than Town A. 
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Sociological in~ormation. There is no racial 
predominance within the town. The social li~e o£ Town 
B is much the same as Town A having national, local, 
and church organizations as well as a sound Scouting 
program. 
2. Testing Procedure 
The administration o~ the test and the demon-
stration involving the principle were carried out by 
the investigator, thus assuring similarity in each 
situation involving testing and demonstrating. The 
teachers in both towns were very cooperative and ~elt 
the children were benefited by the complete procedure 
rather than wasting o£ their classroom time. Upon 
later visits to these schools ~or the purpose o£ 
giving the Otis results to school administrative o££i-
cials, many comments were received that indicated the 
children were anxious to have more science demonstra-
tions and tests. 
The ~irst visit to each school by the experimenter 
was spent in giving the Beta Test: Form CM o~ the Otis 
Quick-Scoring Mental Ability Test. At the conclusion 
of this test the students were in£ormed that at a later 
date they were to have more tests which would be accom-
panied by a science demonstration. The pupils accepted 
the experimenter as a s pecial instructor and throughout 
the experiment gave their £ull cooperation and attention 
to the proceedings. Likewise, the teacher, after having 
79 
introduced the experimenter to the class, retired to the 
back of the room. 
On the second visit to each class the teacher again 
turned the room over to the investigator. · The pupils 
were told that they were going to have a test, followed 
by a demonstration, .which would be followed by a second 
test, all dealing with science. The students were in-
structed to perform everything that the experimenter asked 
and were specifically told to do no talking once the first 
test had star t ed until the second test was compl eted. The 
results were very pleasing, for the pupils in both schools 
refrained from talking to each other all through the ex-
periment even while they were moving from room to room. 
After a brief introduc tion to the class the answer 
sheets we~e passed out and the students were instructed 
in their use. The experimenter found it best to have the 
pupils insert only their names on the answer sheet, the 
remaining information could be more reliably obtained from 
the teacher which would also mean a saving of time. The 
test booklets were then distributed and the students began 
a~swering the questions immediately. Copies of both the 
test and answer sheet may be found in the .appendix. 
Following the completion of the first test eaeh class 
was divided by random numbers, the answer sheets having 
been previously numbered. This random selection was made 
in accordanc~ with the description in the second chapter . 
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The pupils with the numbers the experimenter called out 
were moved from the present classroom to another. The 
experimental group from the sixth ~ade remained in the 
sixth grade classroom where they were shortly joined by 
the experimental group from the fourth grade. The sixth 
grade control group went to the fourth grade classroom 
where the fourth grade control group had remained. 
A standard method of administering the pre-test, 
demonstration, and post-test was used which is outlined 
in Table III. In order to assure more similar conditions 
in the experimental group, a tape recording of the demon-
stration script was made and used each time. 
.. 
.. 
Table III. Standard Testing Procedure 
Pre-test Period 
20 minutes 
Demonstration 
Period 
2.0 minutes 
Post-test Period 
20 minutes 
Complete fourth 
~ade in their 
own classroom 
Control Group of 
50% of fourth 
and 50% of sixth 
grade in the 
fourth grade 
classroom (silent 
reading period) 
Control Group of 
50% of each grade 
in the fourth 
grade classroom 
Complete sixth 
grade in their 
own classroom 
Experimental 
Group of 50% of 
fourth and 50% 
of sixth grade 
in the s ixth grade 
classroom having 
the demonstration 
Experimental 
Group of 50% 
of each grade in 
the sixth grade 
classroom 
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Control Group. -- The Control ~oup referred to 
in Table III was set up to measure the effect of 
inciden tal learning which might take place between 
the pre-test and post-test. Those children who 
represented the control group were not allowed to see 
the demonstration during the demonstration period. 
They were allowed to read old editions of the Readers• 
Digest which were supplied by the experimenter. This 
20 minute period of reading represented time filled 
with unrelated material to the testing situation. 
This group was not denied the privilege of seeing the 
demonstration but rather the demon·stration was delayed 
until the post-test had been given. 
Principle Used in the Experiment. A body at rest 
remains at rest, and a body in motion continues to move 
a t constant speed along a straight line, unless the 
body. is ac t ed upon in either case by an unbalanced force. 
Facets of the Demonstration. -- A copy of the script 
and a list of ma t erials used in the demonstration are 
found in the appendix. The following is a listing of 
the individual parts of the demonstration. 
1. An ordinary drinking glass was placed on a 
table to illustrate that it would not move unless a 
force caused it to move. 
2. A top was set spinning to de~onstrate that a 
body in motion t ends to remain in motion. 
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3. A weight was placed on the end of a piece of 
paper and then the paper was -given a quick pull, which 
meant the weight would not move. The weight was again 
placed on top of a piece of paper and the paper was 
pulled slowly showing that the weight moved with the 
paper. 
4. To explain that the more weight an object has 
the greater its inertia, the weight was again used in 
comparison with a desk in the classroom. The weight 
was more easily pushed than the desk because of its 
relatively small weight. 
5. As a second demonstration of weight being 
connected with inertia, a light ball and then a heavier 
ball were rolled down an inclined board (with small guides 
on the edges). The pupils observed the distance each 
ball pushed a wooden object at the end of the incline. 
The heavier ball having more inertia pushed the wooden 
object further upon striking it. 
6. Another sequence used to show that a body at 
rest tends to remain at rest or if in motion tends to 
remain in motion was to suspend a weight by a thread 
with a second thread attached beneath the weight. First 
the lower thread was given a quick pull, thus showing the 
students that the lower thread b~oke. The demonstration 
was set up again and this time the lower thread was pulled 
slowly, the upper thread broke with the pull. 
v 
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3. Interpretations o£ Comparisons 
The Otis Normal Percentile Chart. -- The purposes 
o£ the Normal Percentile Chart are twofold: First , to 
accomplish all the purposes of graphic representation 
and interpreta t ion of the scores of a group, and second, 
to do so in the simplest and easiest manner. 
Advantages o£ Using the Normal Percentile Chart. --
First, the percentile scales at the top and bottom o£ 
the chart are so constructed that when a normal 
distribution is plotted the result will be a straight 
line. If the plotted points appear to lie in an approxi·-_ 
mately straight line, the distribution is presumably normal 
and it is merely necessary to fit the best straight line 
to the plotted points. 
A second advantage is the fact that the percentile 
scores can be read as accurately at the extremes as at 
the middle of the range. 
A third advantage is that the scores of two tests 
can be compared and read directly from the "percentile 
curves 11 • 
Modifications in the Use of the Otis Normal 
Percentile Ch§rt. -- The experimenter compared four 
tests on each chart. This was a result of the nature 
o£ the data desired on the fourth and sixth grades in 
both the experimental and control groups. Information 
was desired on modal age groups, underage and overage 
groups. 
84 
Code Used in Reading the Charts. -- The following 
is ·the code used in constructing or in reading the 
percentile charts which follow: 
~ means pre-test 
Post means post-test 
-
~ means fourth grade 
6 means sixth grade 
X means the experimental group 
-
C means the control group 
Subu means the underage (mental age) group or deviates 
Sub0 means the overage (mental age) group or deviates 
Red Lines report pre-tests 
Blue Lines report post-test 
Solid Lines denote experimental 
Dotted Lines denote control groups 
All or the charts deal with the pooled schools, 
i.e., all the fourth grades are considered as one 
fourth grade and all the sixth grades are considered 
as one sixth grade. 
Steps taken in Drawing the Percentile Curves. --
Steps were taken to (1) distribute the scores~ (2) find 
the subtotals -- number of cases to and including those 
· in each interval of score, (3) reducing the subtotals to 
percentiles, (4) locate the points on the chart representing 
these percentiles, and (5) fit the best straight line 
to the plotted points. 
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The following pages contain the comparisons made 
in this study. The comparisons are shown on Otis 
Normal Percentile Charts. A work aheet accompanies 
each chart and following each chart is an explanation 
and summary of the chart findings. 
NORMAL PERCENTFbE CHART 
Grade or group No. of cases Measure (Examination) Form 
Grade 4 ~perimenta.l and Control Pre-test 
Grade 6 ExPerimental and Control Pre-test 
·iable I Variable II 
·eq~ Sub- Per Score Freq- Sub- Per 
des totals cents intervals 'ncies total~ cents .1 
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Worksheet for Oti s Normal Percentil e Chart Number 1. 
PRE - TE S T 
Experi mental Group Control Group 
Score 4th Gr ade 6th Grade 4th Grade 6th Gra de 
'£ sub- % '£ sub- % sub- % f ~ub- % total total '£ total otal 
20 
19 
18 
1-7 1 31 ].00 
16 30 96 . 8 
15 2 30 96. 8 1 15 100 
14 28 90.3 1 14 93 -3 
13 2 28 90 .3 1 13 86 . 6 
12 1 23 100 26 83 .9 1 12 80.0 
11 2 22 95 .6 3 26 83 .9 5 25 100 3 11 73 . 3 
10 
.2 21 21•3 ~ 2'.2 14.2 3 20 8o .2 8 53 .J 
9 1 18 78 . 2. 5 18 58.1 4 17 68 . 0 2 5 33 .3 
8 2 17 73-9 6 13 ~1.9 5 13 52 . 0 0 3 20.0 
7 3 15 65.2 4 7 22 .6 ~ 8 32.0 2 3 2:0 . 0 
6 1 12 52 .1 2 3 9.67 2 6 24. 0 1 1 6 . 66 
5 8 11 47. 8 1 1 3.22 2: 4 16.0 
4 3 3 13. 0 1 2 8 . 00 
2 1 1 L. .oo 
2 
e l 0 
OTIS PERCENTILE CHAliT 1\TUI~:;:BER I 
Summary of Findings 
This chart was constructed to show the 
effectiveness of the random division within the 
groups chosen. The control groups of both the 
fourth gr ade and sixth grade received higher 
scores on the pre- test than the experimental 
groups due to a difference in ability between 
the two groups . The small sample of pupils 
lessened the effectiveness of the random 
division. 
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NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form 
I Grade 4 EX] erimental and Control Post-test 
II Grade 6 Ex1 erimental and Control Post-test 
?arlable I Variable II 
Freq- Sub- Per Score Freq- Sub- Per 
ncies totals cents intervals ,ncies~otalscents .1 
~--_) .2 .3 .4.5 1 2 3 4 5 
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-· 
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18" 
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16 
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Examiner Graphs by 
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Worksheet for Otis Normal Percentile Chart Number 2 . 
P 0 S T - T E S T 
Ex2erimental GrouE Contr ol GroUE 
Score !±th Grade 6th Grade !±th Grade 6th Grade 
-r ~g~al % r ~g~;l % -r ~HEal % f ~&~aJ 
20 
19 
18 :·.2 31 100. 
u 2 2.2 2.2 ·2 
16 ]. 27 87.1 1 15 100 
15 2 26 83. 9 1 14 93 .3 
14 1 23 !1:00 4 24 77 .4 13 86 . 6 
13 6 22 95.6 3 2.0 6!±.5 1l 86 . 6 
12 1 16 70.0 6 17 54. 8 2 13 86.6 
11 1 1,2 6,2 •. 2 lj; 1$ 
.2.2·2 2 2~ 1!00 1 11 1,2 .j 
10 4 14 60.9 3 7 22.6 6 23 92.0 2 10 66.6 
9 3 10 43 -5 4 4 12.9 6 17 68 . 0 1 8 53.3 
8 1 7 30 .4 4 11 IW. o 3 7 46. 6 
6 26.1 2 7 28 . 0 4 4 26. 6 ) . 7 1 
6 2 5 21.7 3 5 20.0 
5 J. 3 13 . 0 1 2 8 . oo 
4 2 8 .69 1 1 4 . 00 
3 2 8.69 
2' 2 2 8 .69 
1 
0 
OTIS PERCENTILE CHA3T ~nTivffiER II 
Summary of Findings 
This chart compares the achievement between the 
experimental and control groups of the two grades. 
The following facts are signi ficant : 
1. The experimental - group of grade six showed 
a definite gain over the control group . 
2 . The fourth grade experimental group showed a 
slight increase over the control group . 
3. Most of the gain in total score of the 
experimental groups of both grades is probabl y 
attributable to having seen the demonstration. Some 
of the gain in total score is due to the differ ence 
in ability exhibited between the experimental groups 
in the pre- test . 
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Worksheet ~or Oti s Normal Percentil e Chart Number 3. 
EXPER I M ENTA L G R 0 U P 
Pre -Test Post -Test 
Score 4th Grade 6th Gr ade 4th Grade 6th Grade 
~ sub- % ~ ~g€a:1 % total r ~g~a:1 % -r sub-total %. 
20 
19 
18 2 31 100 
17 1 31 1!.00 2 29 93 -2 
16 30 96.8 1 27 87.1 
15 2 30 96 . 8 26 83.9 
l4 28 90 .3 1 23 24 77.4 
13 2 28 90 .3 6 2.2 20 6~ .• 5 
12· 1 23 100 26 8 • 1 16 
l!1 1 22 95.6 3; 26 83.9 1 15 
10 3 2l. 21·.:1 ~ 2.:1 7!!. 2 4 ~ 
9 1 18 78 . 2 5 18 58 . 1 3 10 
8 2 17 73.9 13 .-9 1 7 
7 3 15 65. 2 4 7 22 .b ~ 6 
6 1 12 52.1 2 3 9 . 67 2 5 
5 8 11 47 . 8 1 1 3 . 22 1 3 13 .0 
4 3 3 13.0 2 8 .69 
3 2 8 .69 
2 : 2 2 8.69 
1 
0 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form Date Examiner Graphs by 
I Grade 4 Ex] erimental Group Pre-test and Post-test 
II Grade 6 Ex] eri.mente.l Group Pre-test and Post- t est 
Tariable I Variable II PERCENTILE SCALE 
Fre.q~ Sub~ Per ){_j totals cents 
() 
Score Freq~ Sub- Per 
intervals 'ncies total.s cents .1 
,2o 
;q 
!3 
/:L-
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OTIS PERCENTILE CHART NUMBER III 
Summary of Findings 
91 
The purpose of this chart is to compare the gains 
between the pre-test and the post~test of the 
I 
Experimental Groups of both grades. The "leannabili ty11 
of the demonstration would be the vertical distance 
. between the pre-test and post-test for any grade. 
The following fact is significant: 
The fourth grade gained as much as the sixth 
grade, although the total knowledge of the principle 
tested remained higher in the sixth grade. 
Score 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
l 
0 
Worksheet for Otis Normal Percentile Chart Number 4. 
UNDERAGE ( MENTAL AGE) DEVIATES- EXPERIMENTAL GROUP 
4 t h Grade 
sub-
:f total 
1 13 
0 12. 
1 12 
0 11 
4 11 
l 7 
4 6 
1 2 
1 l 
100 
92 .3 
92.3 
84.6 
84.6 
53 .8 
46.2. 
15.4 
7.69 
Pre-Test 
6th Grade 
sub- rlf 
f total 10 
1 5 100 
1 4 80.0 
1 3 60 .0 
l 2 40.0 
1 l 20.0 
:f 
1 
2. 
1 
0 
1 
4 
2 
0 
2 
Post-Test 
4 th Grade 6th Grade 
sub-
tot·al 
13 
12 
10 
9 
9 
8 
4 
2 
2: 
100 
92.3 
76 .9 
' 69 .3 
69.3 
61.5 
30.8 
15.4 
15.Y: 
f sub-
total 
1 
.2 
0 !J: 
2 4 
0 2. 
() 2 
0 2_ 
1 2 
0 1 
0 l 
0 1 
1 lL 
100 
80 .0 
8o . o 
4 o . o 
40.0 
4 o.o 
4o.o 
20.0 
~o.o 
20 . 0 
20.0 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form 
I 
II 
1ariable I 
Fre.q, Sub~ Per 
'?{) totals cents 
Grade 4 Ex erimentnl Group Pre-test and Post-test 
Grade 6 Ex: erimente.l Group Pre-test and Post-test 
Variable II 
Score Freq~ Sub~ Per 
intervals 'ncies totals cen ts .1 
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OTIS PERCENTILE CHART NUMBER lV 
Summary of Findings 
93 
The purpose of this chart is to show the results 
of the underage deviates in the pre-test and post-test 
of each grade. 
The following facts are significant: 
1. This chart, with its resulting curves~ cannot 
be considere d very accurate for either grade because 
there were only thirteen pupils in the fourth grade 
and only five pupils in the sixth grade. 
2. There w~s xittle actual gain between pre-test 
and post-test for the fourth grade. 
Worksheet for Otis Normal Percentile Chart Number 5. 
0VERAGE (MENTAL AGE) DEVIATES- EXPERI MENTAL GROUP 
Pre-Test Post-Test 
Score 4th Grade 6th Grade 4th Grade 6th Grade 
f sub- ~ f sub- ~ f sub- fo f sub- • total total tot al total 
20 
19 
18 
17 1 14 100 
16 1 13 92.8 
15 1 12 85.7 4 . 13 100 
14 1 14 100 4 11 78 .6 0 8 61.5 
13 1 13" 92 . 8 2 6 42.8 1 8 61 .5 
12 1 12 85.7 3 13 100 1 4 28 .6 1 '1 ,2,2.8 
11 l 11 78 .6 l 10 76.9 0 3 21 .4 1 6 46.2 
10 2 10 71.4 2 9 69 .3 2 3 21 .4 3 5 38.5 
9 6 8 57.1 2 7 53 . 8 0 1 7.14 1 2 15.4 
8 1 2. 14. 3 2 5 38.5 0 1 7.14 1 1 7.69 
0 1 7.14 0 3 23 .1 1 1 7-14 
0 1 7·14 2 3 23 .1 
l l 7·14 1 1 1·99 
2 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Fom1 Date Exatniner Graphs by 
'ariable I 
Freq, Sub, Per 
'ncies totals cents 
~-_) 
Grade 1.. Undera2e Deviates - Exoerimental Pr e- test and Post- test 
Grade 6 Und ~rage Deviates -- Experimental Pre- test and Post test 
Variable II PERCENTILE SCALE 
Score Freq .. Sub, Per 
intervals 'ncies totals cents .1 ~2 .3 .4.5 
I I 
1 2 3 4 5 
I I I I I I 
I I t I I I j • 
' 
/9 
! ? 
I? 
/~ 
1<5' 
- -t ±+-
1-
Ill 
/3 
/~ 
II 
/ 0 
I 
0 
Median 
.. 
·-
f- ·+ 
_I 
--=--;--~---= +-r-+ 
l===t-=i:"i-=t-::-!.~-tr+ 
1----+~j- ! t -~ 
'+ t ~ ' 
1-r-1-1-t 
I I 
' I 
t 
10 20 30 
I I I 
.L..L.L t-r+ ! : "t , I 
T""T""': ...rn . i 
1-
1-+. ~- ' l-i-'-
t+Wf~:h 
;.-
10 20 
II 
• ..4. 
'' 
'+ 
I 
I+ 
'I' 
30 
* fS~il'f : 
40 50 60 70 
I 
School 
90 95 96 97 98 
'' 
I I 
' 90 9596 97 98 
By Arthur S. Otis 
City 
99 .5 .6 .7 .8 99. 
_I 
'' 
·b· 
99 .5 .6 . 7 .8 99 9 
Standard Deviation Scale _ 31 cr 1 1 1 1 1 1 1 1 ~zlu 1 1 1 1 1 1 1 1 1 _lcr 1 1 1 1 1 1 1 1 1 N,r 1 1 1 1 1 1 1 1 ., +~ 1 1 • 1 1 1 1 1 +zlu 1 1 1 1 1 1 , 1 ~31cr 
Publi!-hed by World Book Company, Yonkers•on·Hudson, New York, and Chicago, Illinois. Copyright 1938 by World' Book Company. Copyright in Great Britain. All rights reserved. PRINTm lN u.:;.A. ONt>OoJo 
OTIS PERCENTILE CHART NUliiBER V 
Su mmary of Findings 
The purpose of this chart is to show the results 
of the overage deviates in the pre- test and the post -
test in the exper imental group of each grade . 
The following f acts are significant : 
1 . 11 Learnability11 o:f each grade is similar . 
2 . Overage (mental age) children benefited by 
the demonstration method of teaching. 
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Worksheet for Otis Normal Percenti le Chart Number 6. 
4TH GRADE EXPERI MENTAL GROUP - POST TEST 
Modal Mental Deviate Under- Deviate Over -
Age Group Age Group Age Group 
Score t sub- a;, t ~g£&1 % t sub- % total total 
2.0 
19 
18 
1~ 1 14 100 
16 1 13 92 . 8 
15 1 12 85.7 
14 1 23 100 5 11 78.6 
13 6 22 95.6 2 6 42.8 
12 1 16 70.0 1 4 28.6 
11 1 15 65.2 0 3 21.4 
10 4 14 60. 9 1 13 100 2 3 21.4 
9 3 10 43 . 5 2 12 92·.3 0 1 7.14 
8 1 7 30.4 1 10 76.9 0 1 7·14 
7 1 6 26.1 0 9 69.3 l l 7·14 
6 2 5 21.7 l 9 69 .3 
5 1 3 13.0 4 8 61.5 
4 0 2 8.69 2 4 30.8 
3 0 2 8.69 0 2 15.4 
2 2 . 2 8.69 2 2 15.4 
1 
0 
• NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form Date Examiner 
I Grade 4 O"J~rage Deviates - - Experimental Pre-test and Post- test l 
II Grade 6 Overage Devie.tes - Experimental Pre-test land Pos t· tes t I 
Graphs by School 
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OTIS PERCENTILE CHART NUMBER VI 
Summary of Findings 
97 
In this chart the fourth grade is broken into 
three subdivisions; post-tests, of the modal age group , 
post- test of the underage deviates, and post- test5 of 
the overage deviates. 
The following facts are significant: 
1. The overage deviates exhibit greater "learnability". 
2. The underage deviates are significantly lower 
than the modal age group . 
Wor ksheet for Otis Normal Percentile Chart Number 7• 
6TH GRADE EXPERIMENTAL GROUP - POST TEST 
Modal Mental Devi ate Under- Devi ate Over-
Age Group Age Group Age Group 
Scor e f sub- ~ f sub- % sub- % total t otal f total 
20 
19 
18 2 .21 100 
17 2 29 93.5 
16 1 27 87 .1 
15 2 26 83 . 9 1 5 100 2 l3 l QQ 
14 4 24 77 .4 0 4 8o .o 0 8 61 .5 
13. 3 20 64. 5 2 4 8o. o 1 8 61 .5 
12 6 17 54. 8 0 2 4o.o 1 7 53 .8 
11 4 11 35.5 0 2 4o. o 1 6 46.2 
10 3 7 22 . 6 0 2. 40 . 0 3 5 38 .5 
9 4 4 12 . 9 1 2 4o.o 1 2 15 .4 
8 0 1 20. 0 1 1 7.69 
7 0 1 20 . 0 
6 0 1 20. 0 
5 1 1 20.0 
4 
3 
2 
1 
0 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form Date Examiner Graphs by 
I Grade 6 EJtperimentE.l. Post-teet 
II 
fariable I Variable II 
Freq, Sub~ Per Score Freq~ Sub, Per 
'ncies totals cents intervals 'ncies total~ cents .1 .2 .3 .4 .5 y 
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OTIS PERCENTILE CHART NUMBER VII 
Summary of Findings 
99 
In this chart the sixth grade is broken into three 
subdivisions; post-tests of the modal age group , post-
tests of the underage deviates, and post-tests of the 
overage deviates. 
The following facts are significant: 
1. The curves on this chart indicate that t here 
is little gain in total score between the overage 
deviates and the modal age group . 
2. The underage deviates are significantly lower 
than the modal age ~oup. 
Workshee t ror Otis Normal Percentile Chart Number 8. 
CONTROL GROUPS 
Pre-Test Post-Test 
Score 4th Grade 6th Grade 4th Grade 6th Grade 
f sub- %" f sub- % f sub-
' 
sub-
total total total f total % 
20 
19 I 
1:8 
17 
16 1 1,2 100 
15 1 1,2 100 1 14 2.2·3 
14 1 14 93 • .3- 0 13 86.6 
13 1 1.1 86.6 0 13 86.6 
12 1 12 8o.o :c 13 86 . 6 
11 5 25 100 3 11 73.3 2 22 JQQ J 11 1.2·.2 
10 3 20 80 3 8 53.3 6 23 92.0 ~ 1.0 66.6 
9 4 17 68 .0 2 5 33.3 6 17 68.0 1 8 53 .3 
8 5 13 52 .0 0 3 20.0 4 11 IW.o 3 7 46.6 
7 2. 8 32.0 2 3 20.0 2 7 28.0 4 4 26.6 
6 2: 6 21,..0 1 l.. 6.66 3 5 20.0 
5 2 4 16.0 1 2 8.oo 
4 1. 2 8 .00 1 1 4.00 
3 1 1 4.00 
2. 
1 
0 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form 
I 
II 
(ariable I 
Freq~ Sub, Per 
~cies totals cents 
1'\..J 
Grade 4 Cclntrol Pre-test and Post-test 
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OTIS PERCENTILE CHART NUMBER VIII 
Summary of Findings 
1 01 
This chart shows the gain or loss made by the 
control groups between tests. 
The following facts are significant: 
1. The sixth grade scores were lower on the 
post-test. 
2. The fourth grade did slightly better on 
the post-test. 
CHAPTER IV 
RECAPITULATION 
1. Conclusions 
1. The groups tested were ~airly accurate random 
samples o~ the group as a whole . 
2 . On a test- retest basis, the score on the post-
test was higher . 
3. The post-test clearly established a growth in 
l earning o~ the experimental group over the control 
group which is attributable to the demonstration. 
4. Learning did take place as a result o~ the 
demonstration. 
5. The upper grade knew more o~ the items in both 
the pre- test and post - test • .. 
6. Both grades gained ~rom the demonstration. 
7. Underage {mental age) pupi ls scored signi~icantly 
lower than modal age pupils on the pre- test and 
post - test . 
8. Underage , bright ch ildren have probably not matured 
suf~iciently to understand the Science Principle 
demonstrated. 
9. Overage (mental age) deviates in each grade 
exhibited a higher total score than the modal age 
groups , however, the gain between the pre- test and 
post- test overage experimental groups is approximately 
the same as the gain o~ the modal age experimental 
groups . 
-102-
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2. Implications 
1. It can not be ascertained at this point if either 
class had learned the principle because no 
criteria have been established to determine how 
much of an increase can be expected to indicate 
the learning of the principle. 
2. Total scores and the increase in scores correlated 
much closer with mental ages. The .fact that total 
scores and the increase in scores of the average 
deviate were higher than the scores of the modal 
age groups l eads the experimenter to conclude that 
with this principle, and this test, the better 
scores will : be achieved by the mentally older pupil, 
regardless of brightness. 
3. Further study with this principle at higher grade 
levels will indicate the effect of previous science 
courses or maturation, since none of the classes 
tested were offered any science courses. 
Future of the study -- This experiment will be repeated 
until 600 individual scores at each grade level are 
obtained. I t is planned to have the demonstrations 
measured by: (a) a l arger sample of fourth and sixth 
.. 
grade pupils, (b) a sample of pupils that have had 
previous science courses, and {c) a sample of seventh 
and eighth grade pupils. 
· APPENDIX 
TEST ON SCIENCE 
1 . What happens to a coin resting on a cardboard on top of an empty 
drinking ,glass when tpe cardboard is quickly pulled sideways from 
over the glass? 
(a) The coin stays on the cardboard. 
(b) The coin flies off the cardboard. 
(c) The coin drops in the glass. 
(d) The coin stays in the same place . 
2. If a pound weight is placed on one end of a piece of heavy paper on 
a table and the other end of the paper is pulled slowly, the pound 
weight 
(a) stays on the piece of paper. 
(b) tears the piece of paper. 
(c) does not move with the piece of paper . 
(d) stays in the same place. 
3 . When a train stops suddenly, the people who are riding in it 
(a) are thrown b~ck in their seats. 
(b) are thrown toward the windows of the train. 
(c) are thrown forward in their seats. 
(d) are not thrown in any direction. 
4. What happens if a heavy metal ball is suspended by a thread and a: 
piece of thread attached below the ball is given a quick jerk 
downward? 
5. 
(a) Both threads break. 
(b) The thread holding the ball breaks . 
(o) · The thread attached below the ball breaks . 
(d) Neither thread breaks. 
When a train starts suddenly 
(a) the passengers reach thei r destination earlier. 
(b) the passengers do not notice that they have started 
(c) the passengers are thrown forward. 
(d) the passengers are thrown backward. 
to move . 
6. If a pound weight is placed on one end of a piece of heavy paper 
on a table and the other end of the paper is pulled quickly, the 
pound weight 
{a) stays on the piece of paper . 
(b) tears the pie'ce of paper. 
(c) does not move . 
(d) drops on the floor. 
(1) 
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7. A round ball is placed on a car d that is over the mouth of a 
bottle . What happens if the card is suddenly snapped sideways? 
(a) The ball drops into· :bhe, mouth of the bottle . 
(b) The ball and card are knocked off the bottle . 
(c) The bottle tips over . 
(d) The ball drops beside the bottle. 
8. What happens if a heavy metal ball is suspended by a thread and 
a piece of thread attached below the ball is pulled downwar d 
steadily? 
(a) Both threads break . 
(b) The thr ead holding the ball breaks . 
(c) The thread attached below the ball breaks . 
(d) Neither thread breaks . 
9. The passengers in a t r ain that is speeding around a sharp curve 
are thrown 
(a) forward . 
(b) backward. 
(c) toward the inside of the curve . 
(d) toward the outside of the curve . 
10. A 3000 lb. truck is moving at the rate of 25 miles an hour; 
a 1000 lb . automobile is moving at the rate of 25 miles an 
hour. 
(a) The truck will be harder to stop. 
(b) The automobile will be harder to stop. 
(c) It all depends on the driver. 
(d) There is no difference in trying to stop either one . 
11. An ocean liner cannot stop suddenly even when moving s l owly 
because 
(a) the water carr ies it forward. 
(b) it's motors are not powerful enough. 
(c) it has a large weight. 
(d) it has great length . 
12. If a piece of heavy paper is pulled quickly from beneath a 
glass half filled with water. 
(a) the glass remains standing and no water is spilled. 
(b) the glass tips over spilling the water. 
(c) the glass will break1 spilling the water. (d) the paper tears leaving a piece under the cylinder. 
(2) 
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13. A baseball pitcher 1 s nwind- up" helps him to throw the ball 
(a) with greater speed. 
(b) with better accur acy. 
(c) without looking at the batter. 
(d) with more of a curve on it. 
14 . It is harder to stop a train going 50 miles an hour than it is 
to stop an automobile moving at the same speed, bebause 
(a) the train is traveling on rails. 
(b) the automobile has four wheel brakes . 
(c) the train has greater weight than the automobile . 
(d) the automobile has rubber tires . 
15. A large and heavy ball possesse~ inertia than a 
light ball ------
(a) less 
(b) more 
(c) the same 
16. A clown, the fat man and the midget, jump into a deep snow bank 
(a) The clown goes in the deepest. 
(b) The fat man goes in the deepest. 
(c) The midget goes in the deepest . 
(d) ~hey all go in the same depth. 
17. To tighten the hammer head on the handle of a hammer, one would 
(a) strike the hanuner head a few sharp blows . 
(b) strike the hand end of the hammer handle a few sharp 
blows . 
(c) turn the hammer head a few times . 
(d) strike the head end of the hammer handle a few shar p 
blows . 
18. What happens to a boy on a swing when another boy stops the swing 
from going forward by pulling down on a rope that is tied to 
the seat?. 
(a) He falls backwards. 
(b) He falls forward. 
(c) He falls sideways. 
(d) He does not fall backward, forward or sideways . 
(3) 
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19. If a horizontal pull is exer ted on a spring balance attached 
to a flat object, the force required to start the object 
sliding is the force needed to keep 
the object sliding . 
(a) less than 
(b) more than 
(c) the same as 
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20. Three boys are coasting on a hill. Two boys go on one sled, one 
boy on another sled. Both sleds start from the same place on the 
hill, when the sleds stop 
(a) both sleds have coasted the same distance. 
(b) the sled with one boy on it has coasted farther than 
the sled with two boys. 
(c) the sled with two boys on it has coasted farther than the 
sled with one boy. 
(4) 
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Test .. No . 
---
- - ----
Al{SWER SHEET 
Name 
--~--------------------------
Date of Birth Age 
~---------- ------
Sex ( M or F ) 
---------------------
Name of School Town 
----~---------------- ----------------------~------
Have you had any previous courses in science? Yes No (Please circle) 
List the science courses you have had below: 
Instructions : 
Please place the letter of the answer which you think is most 
nearly correct for each question in the test booklet opposite its number 
below. That is, if you think answer 11 a~' is correct ~or question No . 1, 
\ 
pu't after 1. in the space provided (n) . Do not mark the test booklet, 
---
ANSWER EVERY QUESTION. 
1. ) 11 . I ) 21 . ( ) 
2. ( 12. ( ) 22 . ( ) 
. 
3. ( ) 13. ( ) 23 . ( ) 
4 . ( ) 14. ( 24 . ( ) · 
e. 5 , ( ) 15 . ( ) 25 . ( ) 
6. ( ) 16. ( ) 26 . ) 
7. ( ) 17 . ( ) 27 . ( ) 
B. ( ) 18 0 ) 28 .. ( ) 
,...9 . ( ) 19 . ( ) 
10 . ( ) 20 . ( ) 
• 
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THE DEMONSTRATION EQUIPMENT 
1. Ringstand with weight suspended by a thread 
with another thread attached beneath the weight. 
2. Inclined plane with guides 
3. A tennis ball (light ball), a baseball (heavy 
ball) and a light wooden object at the bottom or the 
inclined plane. 
4. Ordinary drinking glass 
5. Small Weight 
6. Top 
/ 7. Tape recorder 
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Inertia Script 
This is probably the first time many of you have 
heard a tape-recorder. Ins tead of talking today, I 
prepared this many days ago and for the remainder of 
the demonstration you will hear my voice coming from 
this machine. 
For the next ten minutes I would like to have you 
watch me very closely and listen to what I have to say. 
Please do not raise your hand to ask questions and do 
.not talk to anyone, just watch the demonstrations. 
After the demonstrations are over and you have answered 
the questions I will give you, I will answer your 
questions. Now we are ready to begin. 
I am going to try and show you that all matter has 
no ability in itself to move or to stop moving once it 
has started to move. Matter is inert, which means that 
it is inactive or lazy. Matter we can say is anything 
that takes up room or occupies space. Books, baseballs, 
carts, water, milk, and gas that is burned in stoves 
are all forms of matter. Since all matter has the pro-
perty of inertia, bodies in motion tend to remain in 
motion and bodies at rest tend to remain at rest. 
Matter requires a push or a pull to overcome the inertia, 
or laziness , of a body to set it in motion or stop it 
when it is in motion. 
A body that is at rest cannot of itself start to 
move. For example, we have this glass here on the table, 
we all know it will not move unless something causes it 
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to move. On the other hand, a body that is in motion 
cannot stop moving, but tends to continue its motion 
until disturbed by some outside f'orce . This top is 
set to spinning, it will continue to spi n unless I 
touch it, or it bumps into something. If' the top does 
not bump into anything it f'inally stops spinning because 
of' a f'orce we call f'ricti on. I f' we could do away with 
f'riction the top would spin f'orever. This tendency of' 
all bodies that are at rest to remain at rest and of' 
all bodies that are i n motion to continue their moti on 
is called inertia. 
Other demonstrations you will see in the next f'ew 
minutes are all going to be concerned with bodies having 
no ability in themselves to move , or if' moving to 
stop moving. 
We can show this tendency of' all bodies that are a t 
rest to stay at rest in many dif'f'erent ways . First of' 
all we pl ace this weight on the end of' this piece of' 
paper . Now, if' the paper is pulled quickly, we notice 
that the weight remained stati onary . A body at rest 
tends to remain at rest. The pull on the paper was 
too f'ast to overcome the inertia or l aziness of' the 
weight . I f' the paper is pulled slowl y , the weight will 
move because the steady pull travels through the paper 
to the weight and the inertia of' the weight has been 
overcome. 
J 
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The more weight an object ~as, the greater is its 
inertia. We can easil y push this weight with our hand, 
but we find it is much harder to move this desk, in fact 
the desk will not move . I f we roll a small or light bal l 
against this block, we notice it only moves a little . 
Now we will try this heavy bal l, we see that the block 
has moved much farther . Thus we can say that the heavy 
bal l has more inertia than the lighter bal l. We learn 
from this demonstr ation that the more weight an object 
has, the more inertia it has . 
Another way to show that a body at rest tends to 
remain at rest or if in motion tends to remain in motion 
is by hanging a weight by a thread and having another 
piece of t~ad hangi ng from the weight . First , the 
thread hanging from the weight is gi ven a quick pull. 
The thread beneath the weight breaks because the force 
of the pull did not pass through i nto the weight , all 
the pull was taken by the l ower thread, the weight 
remained at rest . Now after attaching another thread, 
I pull sl owl y but strongly, ~ou see that the thread 
holding the weight breaks while the l ower thread does 
not . With a strong and steady pull the i nertia or 
laziness of the weight was overcome , and there was now 
the f orce of the pull on the upper thread plus the 
movement of the weight. A body in moti on tends to re-
main in motion, the weight was put in motion by the 
steady pull , thus the upper t hread broke because of 
the combined weight and strength of the pull . 
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That demonstration ends the talk on bodies in 
motion tending to remain in motion and bodies at 
rest tending to remain at rest. 
Now please do not talk with anyone as I will 
now give you another test . 
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